10

15

20

25

30

NANOPOROUS LAM NATES Fi el d of the Invention The

present invention relates to a process for prepar“lmwlm‘mm"

nanoporous substrates, such as electrical lanmnates, . ..

having a | ow di el e%{i constant. 5 Background of the

Invention It is kn 50 EPMINATEP 7| ani nates and
_other conposites froma fibrous reinforcenent and an
Fieldyofdbg lavemion x resin such as an epoxy-cont ai ni ng

matri x. Exanples of suitable processes usually

cont ai n Thepresint twientjorstelates to(alprodess fpqugpacing hanaponsys
fornul ation.is.appli.ed to, .or |npregnated into, a 10
substpies F'é?tbeaskﬁ]/e%cfaﬁ) FW“&?B i ?i‘gﬁpﬁg‘i‘:ﬁ'&, COUSRRY  known

t echni_ques and/ or conbi nati ons thereof. The substrate
a j \4 ven or nonwoven fiber mat containing,
for instance, glass fibers or paper. (2) The
i mpr egnalt éskmvostormake dlectrical &nsigatds atd/othetompystes foom a fibrous

.t t fficient to d ff I t.in th
rein R AR AP QB AT SHGH 75,20 ORRPR AL BATS. dygmples of
s 8o GRSDEtech 9t Ao, (9ol b P! egnat ed

substrate can be handl ed easiy. The "B stagi ng" step

i s usual [ i . _ £ e.0f from90C 1o
2700 and A opf et b GERE OB R, of hpRcBied o, o
subsiigte bypslHas ALigsing \shdyirg ethehRiowetohiiguds'@dloBcoinBiiatiéhs thereof.

is called a "prepreg.” The tenperature is nost

Thewibsisre is typioaly » woyemporinwoyen figenmetantrining,for fnstance, glass
ﬁbe%&c ie{:al | am nates. 20 (3) One or nore sheets of
prepé g are stacked or laid-up in alternating | ayers

o, Coppeld) THf RRBrepnaifd SHBhe Rt op stesy Pebeling ot lempere
sufﬁaé%nt-w ﬁrév@bﬁ“sHﬁeﬁtﬁﬁ%i%ﬁ{xg 5@@@&@& d dyﬁaﬁanmﬁﬁ%gy :n]:ﬁre the

pres§urefor a_tl lent to cure
epoay dortraation, saithiahthe dmpltignated syhstrate.can bohandiedeasily. The “B-

l.an) nation step_is, 25 usually between 100C .and.23 .
stagifly 9 inosrlbr et At R R Epao0 U A C 20 Tor  time of
fromaNhidtd 0N 5shBRtedB The lidprepRated@Eibstatchdt rédults WOnPB-s is

stages, such as a first stage between 100C and 150
callgd @ “prepeagsh dhe tempperaturesis mostermmsoyd90°Q f@Comphsites and 130°C to
|y between 50 Ncn2 and 500 N cn®.

Zoﬁﬁggféé&ﬁééil%ﬁﬁ%te&p is usually carried out for a tine

of fro inute to 200 Jni nutes, an st,.often for

45 ni et GG ﬁmeé%quf%eg-%swgﬁ? o laidgindp eferpayjng layers
witB Bhé 8NAbteYsHREs %?5 Eﬁ&ﬂmﬂ% mﬁ{lerigl SH& ast &gﬁ&r 11 UF 65 efeQiical

shorter tinmes (such as in - dont | nuots ™ I'ani nat ron
lanpmabezsiesisgd.or for | onger tines at |ower tenperatures

(such as in low energy press processes).

(4) The laid-up sheets are pressed at high temperature and pressure for a time

M

sufficient to cure the resin and form a laminate. The temperature of this lamination step is
usually between 100°C and 230°C, and is most often between 165°C and 190°C. The
lamination step may also be carried out in two or more stages, such as a first stage between
100°C and 150°C and a second stage at between 165°C and 190°C. The pressure is usually
between 50 N/om® and 500 N/em®. The lamination step is usually carried out for a time of
from 1 minute to 200 minutes, and most often for 45 minutes to 90 minutes. The lamination

step may optionally be carried out at higher temperatures for shorter times (such as in
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Optionally, the resulting | am nate, for exanple, a
copper-clad lamnate, nay be post-treated by heating
for atinme at high tenperature and anbi ent pressure.

oo KRR, 00 B8 LRI b g B BRI i v

enclogy pressproCesseshut es and 12 hours. The current trend of
the electrical lam nates industry requires materials

with i n%ﬂdﬁﬂlﬁﬂﬁ'r@ﬁlﬁﬂﬂaﬁ%&%@,%é ?‘3’5{"% lazé%b]ﬁ};élﬁ’\ﬁfmnate, may

dielectric constant (Dk)” and | oss
be pegtdicatsd by heating fopa tiperat hizh tempknatiire gndhirbientl pressure. The
. ransi ti.on tenmperature (T and_ 10 deco ition
R o AP R entiirog b Heest AL g CrTbe postoreatment
timé dEhAHSs BRWReR 30 haNM@ePSRIM ARGHs L0 try to inprove the
dielectric constant of electrical | am nates nade from
epoxy-co L0 ' esitians.inckuding, . for . .
o o Thebl At aEbing QIRRRL ol R ifattity tPlyicss Qaterials with

improvdd dislepioic ppdpertids dnctuding dowérdtihotric Bosynl ENY) S1d90ss factor (DF);
ether (PPE), or allylated pol yphenyl ene ether (APPE),

supegox, thermag) prgperties dnliding high glessitransition temineratvre (Ig) arsd

' w hway t.0 reduce the
deogﬁayoéf? ?:iegnpge%%egz‘g ﬁgﬁ & gg{)jcgig{orcﬁééglpﬁfyam nates nmade from
organic sins. Mre particylar|ly, it is desired to . .
prepar e hﬁf%‘?q%eewlﬁ E‘fﬁ%‘"ﬁ@/ﬁ g%/ens‘%‘ﬁ tofgy to improve the dielectric
nSRAKYT §8Hiel Mnlid ' | hekiank ?Eﬁl e g . 10 .
* | ead t%idrllopor %tﬁgﬁgg?ﬁoﬁiegb&ggﬁﬁcurl ge %ﬁ%ﬁ%&%%%mdudmg,
for gxample, bynadding wmiolh tepneplestic ddditbies,isach aspaljpleayiede bride (PPO),

polGpBEF R & G 1l BT 670 01 ABPBMAD e apomy

conPBR#HBPEEn Sorh it abi | e  functionality by reacting the
hydr ogen act’lve groups of the organic resin with a

conmpoundy; ; b D ' X t-hen
Chornal | s 880 R B Re R B e e ABeidTBpunt of
elearical lamimatpa niade fiegi orgamiv ¢ésind) Mok paeivaReKOss daired Yo prepare

fegared‘ Such nanopores provide a low dielectric
mO@cfﬁ‘f CISANIQTERRY SECHIS GPREY-SPRtapiRETepns, with thermelabifrgreyps to lead

-

-t°rgﬂng%ﬁ5%5%?%‘épﬂﬂﬁﬁm c constant is for air. In one

I ment, € presefit invention is directed to a
S_ur%%ﬁﬁgfsthgi ‘;érgtll(olnng nanopor ous epoxy-based el ectri cal

i fying the epoxy resin backbone with a

30 ther abi l e group through.the reaction_of the i
hydr oxyl 1 gt BEHat g’ﬁ’e{l lé&bffg‘eii ta,3 process @f makingsnanoporous matrix

in anhédimdal YantlRAE B¢ H}%ﬁﬁé‘&t& I%ﬁro%inﬁibﬂegitﬁ Plgélégdﬁé a thermolabile

Advant ageously, nanopor o el ec
funeigenalityl ywweadtipigdhe hydrogemrastine proppk of the ofgasiz redin tWith a compound

TR TR W O
TR ' j g L1 ed
e 0L sy CRISRALD 0 Tl RIS anpors

provide afow eliclectric tanstant bernosd dfithe &if fregert irthdaiafopores and the lowest
processabi l,i }y of the lamnate. 5 Brief Description of

dielgpigi\ﬁc%stant 1s for air.

In one embodiment, the present invention is directed to a process of making

nanoporous epoxy-based electrical laminates by modifying the epoxy resin backbone with a
thermolabile group through the reaction of the hydroxyl groups of the epoxy resin, and then
by thermally degrading the thermolabile groups. Advantageously, the nanoporous electrical
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Figure 1 is a scanning el ectron mcroscopy (SEM i nmage
showing the inter- lamnar fracture surface
(resin-rich area) of a nanoporous epoxy-based

Ik N R —
Thd¥r88&8 bf tﬂé‘ﬁ;f’éh’ehtqﬂvéﬂ%h%%%maaesamé IS iidwifk 8EhefikO a nanoporous

reacting (&) an organic resin having hydfogen activ

maigixouighsa epntrolied dispersiomps inatiouves; aicontnejledsizetndimandpries; e close

r.ou SO a o graft...the.thernol abile group onto the
porgsg kg%(}]%s%?gacrﬁigmgFﬁﬁwl °§%§fﬁ¥ﬂ8§wt he reaction of the
npoynd containing the thernol abile groups with the
eSEHRYON QICTaWANdr oups of the organic resin. In a

so st_e, the thernol abile groups are degraded by
subj ect i Figutehleis alsganninfi ¢lecitbronarscepy €53M) imege showing the inter-

suf f.i cji ent tenper.at ure ically tenperafures, of. from,
leris BiaChE 0 et R R Burtch Ssrs:0F o S hambrar P baied alsicel Rinate.

t her nol abi | which in turn produces nano size
Detaldedil an obthe Prefe qogimants, | n | ani nat e
production, heating the organic resin for

t her nol aGenesally, theprdengs afiteipoesentsinyention atdlydes pasra Bt step,

ut during t.he pressi tep of. the lamnate. 20 In . .
readlitle @i Srimtif fesft Biving aCfiyG, GAEPH WD (Pt Samapgn containing
a thefRb1abilBYrols, so%8 teEafdhd MHRAMSIARNY g0 bR thEBEABbAOf the organic

resins, polimde resins, polyamde resins, polyester
resindyithereaptidn/eft the compyindsontainingtheithérohelabile groupe with the hydrogen

I esi nsspgﬁﬁnate.ester resins, vinyl ester resins,

FRNGES Mand i xture thereof. The hydrogen
active groups can be selected from faqr instance

ami nes, Breteeerd stemthy thermglapilsgroupsare degrades by subjecting the

8 i Qﬂ{'ﬁhﬁﬁr ?%ér
mon?fggg%agin@g?gl?m agzolées, a ag?ﬁlg’n | %@& aarﬁlgﬁ}gt;fmm about
1208@10 dbome 2202, tb ttenpaliy degradenthe thermolabilé groopsywehicttin turn produces

containing . a thernolabile group. may be a dicarbonate
nangSipe, YL he, ofERE Stz 4p rBnal rodutofhriegtng e organic
rost 1 Bt RO i allon 1 pital i blf ol ) bine tep of
thedampinateut not limted to, di-tert-butyl dicarbonate,

di-tert-anyl 30 dicarbonate, diallyl pyrocarbonate,

di et hyl DydmRGAHdamMR of tHePrédeit indertdnbMie 3k ganiciiebiaMay be

di carbonate, tert-butyl carbazate and m xtures
selgctas fearn epaxyeresias,tbhpnalid resins, polimide reging, ipolyapliddiesias, polyester

roup i.S _advaniagepusly .stable to many nucl eophil e .
resifly pofiectios PSR PERBRIRE odve foainf TR At sRRES, T pster resins,
hydiSoartim RS, land eligmveeteos] %ﬂ%@@n@kﬁv@?@ﬂﬁ ¢t selected from,

by thernolysis. In one particular exanple of the

for pstaneertamingse phenots, thiglsdydresiser aepholsi anidgs.Jadigmms, easpamates,

roups or. phenolic. resi,ns _can be advant ageously used
P gesfﬁieer@pbagxpﬁlgmaagglleﬁ, %gﬁﬂg@meepoxy resins are wdely

used in the electrigal |amnates industry and epoxy . .

esi ns okt 0tsE GabogisELELhE Presey Inenlion, e gmpund containing a
thefthéidhi g:%f 9 Be B GRSDHAR ﬁﬂtilsyde%@&’vei} %ali’&zate and its derivatives,

thernol@abiTe “group-contal ning conpound because 1t is
andoatheraoaipelhds comtainiag teet-butyl catlgmateo | Hxarmples of compounds containing
thermolabile group are, but not limited to, di-tert-butyl dicarbonate, di-tert-amyl
dicarbonate, diallyl pyrocarbonate, diethyl pyrocarbonate, dimethyl dicarbonate, dibenzyl

dicarbonate, tert-butyl carbazate and mixtures thereof. The tert-butyl carbonate
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In the present invention, the initial unnodified epoxy
resin used may be any 10 known epoxy resin chosen for
its expected performance, for exanple, brom nated or

f dard h Tg_ st | o
eI oREf EERRRrs eble S ity Eo Pty B R ppgtyed
unde@ bhsiélcorldd@dHsButds|ay be ezﬁﬂ? cRhadd 1ﬁﬂie9 Phid- E&dﬁ:%ﬁbhtlons or by
backbone through the reaction with the hydroxyl

therrelygis. The nodified resin is st abI e at ambi ent
tenperature. During polynerization, thernol abile
groups dbgemdeartitdadixmgpleof gaspreseneinventivh, épotyesibs containing
qt’fﬁ’f produce, voi ds in the polynmerized epoxy resin

hydgaty! EOUPRE Bhenolicesitsanpa gdvantaggeusly uspd,as the grgania resinbecause

ooy S50 B SGH BB U DRSSP o s

proaeidabilityn Diftertchutyl (didattmiate @arbe gord@aithily udsl = the thermolabile
consequence, the voids in the ep oxy matrix are smaller

gropp-putaiping tempqued herase itdy commenstally agpidabl drigylage Vohuaes.

than 200 nm and wel|-dispersed within the |an nate.
The cont Intho psesgat ivpantipn,the mlixalglhmdlﬂdde:pnnhesin used may be any

kLR e Shongh 46 AP s B ernen e proriated or

brohﬁﬁélfrké Bgnddrd bp ]ﬁig@kr 1&fdbrdl 6low Bﬂ‘sﬁﬁﬁﬁa anE e like.
exanpl e, generally, 1am nates having a Dk neasure at

ﬂlemn@bd&)grouys@lstomﬂets“ﬁwmdg@gmﬁbl ae gedfted movtbey epqu backbone
ates havi asured._at 1 of |le han, .
thrgfip. we@%?namfﬁ%&@?ﬁﬁw&%dmmdﬁgéfmm Sied mbient

tenlgRAfrd: D PO A6 L RABlaKiIL BBt Baadk, eadiHRo B generation
whichyimrtuing prodave epids jn the Polymeﬂzademydesudmam | Becaiise the foaming

a i c.sol yent, th a conpo containing a. 1
et is s et Bretien phish Boepa et SRR TRy i phe ppids i
gﬁ@%%veﬁfiﬂ @Qﬂnﬁ&ﬁ'éon% tﬂe'"hﬁdi%ﬁ%? HBnJg%BtszﬁﬁmgtaESnts Asa
t herol abile group is first reacted wth
coqshqumm, ¢hevrigointlie apajcytmm aresmadlen (for wgam;dadhe digmeter of the

volf P 1558 1 A0 B e Qg iy it oo

epdxyohfi Ghek eerinAPfeiRlantd 4@ xﬂécﬁﬂﬂéa_mxﬂfegnfyhs ﬂ%’s‘?y%’}ﬁémf Qbefas the

and forma nodified epoxy resin anount of
voii$ dearerse Bid dielgetnigponstand, resnlting indowdls detirictldaminates. For

f .th abi | |
exaf Henerh s 5hingles e B BopiersEreel o K5 B b S mpvoe
obtéRed, HowRREL Pithinaiss h@ﬁﬁ%@!}‘k)méa@u&@ et G éfﬁleﬁ%ﬁ?ﬁk preferably

preferably from about wt percent to about
leswmn é+0, mogie preferablydese then 3, gvén movesgroferably Essj\aha@ éﬁc By be
b gbout 2.5 W 5 percent. The weight percentage of
‘conposi tion above is given based on solids.
Optionally, a catalyst can be added to the conposition
t o accel & %@t‘eemmdm%taxﬁﬂiedﬁea@et inueRtian, an epARYSETHR 1s reacted

£08, 18 Aol 61408 B 205 SRS R oo

mohjﬂ&impyskyafesﬁﬁ is known to catalyze the tertiary
but oxy carbonyl ati on of al kyl am nes at room

t enper at W ghdther4pfbodinhéht 81BE P%serﬁ’i&&ﬁﬁltﬁn, the 1HE-HBIBYE group is

am nopyridyne acts as a catalyst for the reaction
firsh eanked rwithyaiploenglic gompeamdend then the resulting reaction product, a modified

phenolic compound, is used as a curing agent to react with an epoxy resin, such as to

introduce the thermolalide groups into the epoxy resin and form a modified epoxy resin.
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phenol s and di-tert-butyl dicarbonate at room
tenperature. Ot her catalysts useful in the present
i nvention include, for exanple, auxiliary bases such

o7 cpar o 18 ABRE dPaBIOI P EESHR R 1y GIUSBH st 58 weight

percei 6T MdrAB1abAB gRRGY ¥ & B84 ForrdrlatiGY b ¥ehrdiSh 8MBPGHUPorts from about
nore than one~epoxy group per nol ecul e and, on

0.0laveigltgercenbfve: petrant) to sbant b drtpegdent prafgrablyrirom lewi 0d. wt
oo By S et B orh S s D% LRS! Bout 25wt
perceft? gxﬁyﬁ%@lef&ﬁtagp behy 'c&nngpaﬁo abov%\i)ﬁgﬁgﬁbas@a ®nQblids.

gr otips per ecule, (2) a mxture of

1) and an. XY eS| V] . r
bnt opoSPlsFRTS RN can B Addey Al KEhBASHAN 1T REB e
reacBbn Béteen Bfelcofifpotd Eéﬁﬁai&hg&ﬂ@ﬂﬁﬁﬁ%lﬁbiﬂ@@:bﬁp aadpeHdioges active
determ ned fromthe intended properties of the final

groyps ofi thetosganderesing [For epaxglerhydronylamige issapwiciogptalyze the tertiary

bty RRoR of AR BB Hen A FOOFBLAR A -5 Brmoi frammple,
e e e e
pheuly 48] didErt-batyd dicaft®Ba@HEOr00aN thnifiecatiien Mibericatalystusgipl in the

Resins by H. leg and Nevi.ll e, 25 published i.n 1
presgy IpERESY RSN SouammBle ey Spsceap g famife oA
diis&ﬁ}ﬁﬁgaﬁﬁlﬁﬁﬁ’x%.herei n by reference. Epoxy resins, which
can ‘be Used as one epoxy resin conmponent in the

¢ . i .
For mil o 1o 51oEHRE b M oy AR BEREbRRei i} difiofl ¥ty resin

havinglan atrigd bEofettaén idepbxLhtbupPeRmblechlendnomérestggemére than
i S independently a divalent chem cal bond, a_dival

ent
zerG A BIR PSF Biglsculsimayteised. 1Rg FRRKYIFHmMMAYhS s fosie fom (1)

f ; r f
on cflpy RER 1A AP O HSr AR bnoepdfy ol Pedlbclly B
average,-0n@or fifore Rydroxy @houps iper mokbeplen(@y amhixture ofHfl) and)emepoxy resin
atom or an al kyl _group suitably havipg froml_ to ahout
havg e apeRea P bmere thak AOGROXY me%@ﬁ@w@uﬁ%lﬂ gyl groups.

' : ' r . t

KR S LBy e S B0 B Bt
propertien of thofind ubdudtsc Suitabie efosyaesing, asuskd hsdim gectades dor example,

atom such as Br .or C; and.n is._a nug;oer Igwer t.han )
thosgrhawing Ap epaxy equivalent Weight g abant 470 feaqout 3,308, Spefiepoxy resins
are SRAELd B34 h, FYRARGIY, 1118 Wil NoB4 2 9¥. 256 661 B8N, PE1420;

may conprisé a nulti-functional egoxy résin having an
4,7EE37aged OB68)059, antl!Te HandbepkofEpaip Rpsnsisy Hnbécead|Fe. Neville,

Preferred nulti-functional e ox-}/ resins include, for .,
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):
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exanpl e, cresol -formal dehyde novol ac epoxy resin,
phenol - f or mal dehyde novol ac epoxy 15 resin, bispheno
A novol ac epoxy resin, dicycl opentadi ene phenol
Novol ac epoxy resin, tris(glycidyloxyphenyl)nmethane,
t et r aki s( gl yamdploxyphenyl ) et hane,

tetragl yci dyl di am nodi phenyl net hane and m xtures
thereof. ' To prevent the resultant reaction product
from having high vis

ity,
otris(glycis 'y phe tlr@me tetr
It giyarai olyphény))eshape Do,
te\Rr ag| yC| i amyodi p gﬁ pre CEG—R

In view of cost per f or mance, a cresol for mal dehyd
nowbdrein Aepmdgpcncbsﬂyra, dlﬂﬂmﬂﬂiem;cﬁnfoﬂa la dRAIEES: &l@&?&oﬂ(‘group suitably

eS| e I | ac epoxy _resin are
5 orahe BN 1 B 1) RRRARG s, [Rebost Semfrophtiriol fom 1 fo sbout 3
d| @yhpln@pma,t-eﬂah eﬂeS—ghfsmeJ —-BOY 6] -T0-LHL-; regﬁltppls liftiependently a
le tQ use a

r itiaon ef er
, tledfgunctl onalaa(gfj Iips nhaﬁlﬁ%gﬁ‘ﬁ Rﬁ%ﬁmefamareachms
Wé@ﬁ“mtmarhymzmmd dran a&xlamipemtamymmgrﬁdﬁ@h uﬁabe&t 10,

fr bout t.i onal |

{ AR ot by £ RO bbby 56 1SR pogt gerign s or o
prleqmqu@tmnmhch asﬁeorﬂdaﬂcﬂlﬁdaﬁtﬁxg&ﬂlo&reﬂtﬂﬁll aBodfi2t he
present i NVENY llﬂ’ SCOSI ty of the resin.
Sui t abl e organi ccplsfﬁ& (r%’fs Bt FFPQE‘W? FERARent used in the
i riRressntiieMenionaay demprise H!Bmttﬁfuhmml Eloxi fekin GANR Pdniverage of more

Y008 IS Lokl U AHBS e, B ELELARY 8BS SN ENES, o

may be conveni used, suc

k et<amels, ‘%@@li’f"lﬁ@lddb’ét zmelac B demﬂihhgdl-fdfﬁmdﬂ@d{ ideliihc epoxy
ar}gsxﬂ%fsbﬂénol'ﬁ?‘%b‘lﬁé’ y%é}extegxﬂ,e c G5L amy%@%@xy resin,

ene rmno

ethers such as

adBH gy @W‘B@‘ﬁﬂﬂﬁ.ﬂ ethage, W(gbﬁléﬁm@nﬂ)ﬂgﬁm c sol vents
Su%@&d&l@ilaﬂﬁlﬁﬁplﬁaﬁ‘qmémrﬁﬁd m@nk QR 'ﬂysgq ereplﬁ t

cy cI|c ogenat ed hydrocar es

t HE gq:pro it W%&@memlmmﬂmeat i on

p Uetplis To dn8 and

Py arred. oggé‘@‘;?*“é B ML AR, e

’gﬂ%"r% I-fqogaldehydenovelac emwwaph@olepoxy
r efsm:rhdehydle Rowahic Bhdx Rsmrhﬁ@b novo )gf& e
nqge“p it ed éa, y eS| nl?hseﬁaclzﬁ b lﬁg 9J@QE& feﬂsd In
commer & °&'§‘ g@gﬁ yelppegtafipprph M@%@mww&gmﬁwd.
mely adslition icis @a:Sdrabld ty umdinﬁﬁieﬂcnbﬁbl kb hingHRGG Hofecular
AR NF %f]. MA, In anot er sPeC|f|c
e o%'? ERPLLoR h%‘neéfxf’ ©2AVAD valg opfem shomtl- forebemBiOkes

10 may al s d|f| accordi n t he present

i nventi on. ng$e ng ?5‘??18‘@?8?%1511 guring $he; orepavation of

p e To¢difted oesshin resin ofthel premneménum ilﬂvﬂ:ﬁﬁhe bislé‘tﬁik?)f&‘ﬂ%e 6sin,

n rcia ai ] able from
%‘A%oréag% EOI%H}(S s esfljl fhﬁ’é’F n%mv%‘i‘ Place sgivenshibaigioingt contzin

dépirogeniastive giongs) Bobderdhilys pﬂneuimdolvems hysiReMRhiedtly used, such as, for

bi e]0] h oqui hane,
e s sk he LA R BB, Mreindidzactish obut ketons
p ResRit efElydd ethory sich espropylens tglym:i inrogorktiyy étbtrﬁcdm&MWANOL
hal ogenat ed di hydri c phenols, polyhydric phenols, and
hal ogenat ed pol yhydric phenolgs useful in the present
invention are described in PCT Application WO

01/ 42359A1 and The Handbook of Epoxy Resins by H Lee
and K. Neville,
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publ i shed in 1967 by McGawH ||, New York, all of
whi ch are incorporated herein by reference. 20 It is
noteworthy that the organic resin shows generally a

PV R HRm e B MY B Ao o AR o leBeL A pbaipdgeasbis: oycli
ethefsh BRbYenatdd hydRidathoRPRAA mikRALs tg&%ot ower sol ution

viscosity coul d be due to the decréase of the

hydr oge N OP(g gije:cﬂﬂ: e%tfoﬁﬁltx?nt ?ﬁrglﬂﬁ.itgarh{é& )Plﬁlpp%sgsr, ﬁIetningﬁbﬁg

the therno I'1"é& group o
t-bufylngicardoayl gringss maibel glafesticd e kn SR Hackboahduge tHe ré&dtion with

illustration purposes, epoxy resins are B?rtl or

hydrogyl growpsd i For example dyyesajnated ¢dponsresinssyrinas DiBR. 26Q0rfP & R. 539-

B HoRoi e pgt U fes R Stch o R R0 B SO Reitable
fronS TRED%: Chedhiical CGRiHng, m&Pbe Ydcbssalllyafledifiad & in@iistrial solvents
exchange resin. Such epoxy carbonate resins can be

such asdEXson ID@WANQ) BM4i n conponent to obtain nodified
epoxy resins with thernol abile 30 groups. The nodified
epoxy r dsanstharspedfiv ambadjenst Iphenatiedesins grdophenohgderivatives
| am nate., ring the pressing stage . .of a | annate, )
mayalfo @%ﬂéﬁsﬁ%&o@%e the peesey viotiats ﬁege&rm_ espf commercially
avaifipfd Qﬁﬁoﬁ@ ﬂﬁsﬂﬁﬂ&ﬁﬁé greytﬁ lhgbbihg tﬂ%p%gﬁkﬁtﬁ n?&cflgcaﬁcﬂgs BPN17,
porous matrix wthin the am’nate resulting in a
comirmereinkly evailable from Adakaed; alidahegtires thersoifis Ermhpled/bSphenblic
.the key prqperties of _syste usi ng the present
deriyaipen it iR %%&9@5@@5@@3@%% tefrakromodirphiendlifon
i . ti Vit . NURT .
by 0 i AR R RO R Al el
inclédiagrditydtie phkamotsy haldgénatedladihydrie, pheinsl sy podythydtie pherods, amdid
etchi png,, and, the like.. However, the dielecgtrigc ..
hﬂogs??é?gﬂqula%wwgewguﬁf%{g%%maf BVPRoRArS feseetia 3T
Appliatiaero DpaePRAaUmd R HHbESk 5n}‘fEﬁaQ§ R@&iﬁsssgh. Lee and K. Neville,
I nvention may show an inprovenent "of” up to 20 percent
publishedan 667 bypMchiraw-atill, NewXork,adl afrwhich aeubcarporeted hesin by
Because the foanm ng agent is directly grafted onto
refepgige-cpoxy nol ecul e, voids are small (for exanple, 60
nmor |less) and wel|-dispersed 10 within the | am nate.
For opt i lhiszetewnrdy dhatithrorgeniaresitoshowsiegaerally g [qwes yiscosity in
' ' e ndi t .
orgeB b1 b mBERAER MR nofVOREE Bl B} any thoom.

woulth gpaapitrstheiewéadelitioh dhstositysieraldsiraius tb hdddehaase of the hydrogen-
lam nate and when the pore dianeter is optimzed, the

bonding hisels bewanse ofdhe arafting of thetheneolabils gowriothapydteayk o

Ale organi ¢ system w t hout nanopores. Although
ﬁmg&?a‘l\?\n shing to be bound to any theory, the nanovoi ds

15 may act ener, di spers f.or cr.acks, b .

| ncr easi AGUORE e eTpRERea for fiustalicn puippses, gpqay resins are
partly6t MR} FodFfiedGo lepoRGbGHaR refRS TSk atipfe, b9 ShbofRidnl of the epoxy

iI's not” altered by t'he nanoporous stradcture, the glass

group effen ¢poay rasenuelen COs @reshura ktithe appropriaie gemperature, such as, for

i npa . .Addi ti onal, advgnt ages, f am natQrs usin
exeingls S wiBanapmte o8 RaRBRY TRl b 8RN0 GeRrDRtaen can be
usec?ﬁnsgtrhg\l%ggx% %gi;nggmﬁﬁgerﬁ WonaRdHE& L AB XS rEsind it 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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20 constants, while at the sane tine, |lamnators can
carry on their expertise generated with previously
exi sting epoxy products, that is, sane requirenments

R A R s e s h s K

resultiy iH 8 Gamfridtd With a SRREd difleBirR oREMAL MR L BRARS 'pr(%pﬁléties of

foils. The registration of the | am nates renains
systemsrasing theAntelient inventicadvenst ahengeddry the oudiftadgesis, such as varnish

s B b pr RSB i Bt agopetis,
ﬂaxﬂeh@&lrd%eﬁ e RIaBilEf Chetifal EREHE kh@ BichRiddhdd tROHKS. NAbwade, the

simlar tTo previously existing epoxy sSystens.
dielevtnicicanstant ofithe resultimgdninate ik adventagebusly tiducedy Nanoporous

tamizs G grerent LR Al PP CRERkAl P 2B AetcR compared
to t]%eﬁs‘éﬁllg regf)xspgs&ﬂ bthothad YSor&P Betalisethd fRRE 8ent ﬁ'?ﬁﬁeelﬁy grafted

sent” 1 nvention conprise, as an ~optiona
ontcthepporyholecalearoidd are fmall (far examaplegoQ tue or &as)dand iwadif-dispersed

BB Bl SRR RS el
nondfEl g . ot e A g, iy b SR Smalpyca g opsane

ety g oo i i
optimizeythe teighnesspf the/laminatecan besimprovegspnipared tg thesgmegganic

ot e XL g B SO N PR oo
may 40t deerergy dispereer éororhekd; byehbighsingihdaadineat the cdatlafrgnt line when

am nes such as triethylamne, tripr opé[geam nt% and
the poreneieg isadpdate. pRerapsiohe IRFNSAPYL is gehaligged by the nanoporous

Sﬁ'“g‘:‘-lﬁ% ﬁ%#ﬂ%{%g{%klgﬁg E%E;%Eétgﬁ sg%%%rglg gg H%gatively impacted.
hyl tri | -ph i . : . .
Salt s AREE G BAOSPER I Tt foind B mAERBINAIRY, resins of the

prefeatiayéritionieé that REATRRbN RhipRdasd Menin@edwith ichpioesd dielectric
thereof . The amount of the catalysts 10 used. in the

conpiaris.chile 3hhesamntie jaminatoys eanrsaey oy their sxRstise@eperated with

| . C . . .
ool bl @Rl ets IRt R AR o nfilltal handiing, same
forpelatiGifechiigo& amisadesproditioh comlitibis. Moieb eer/ afkidters can use
m xture. I n another_ specific enbodinent for . ]
curgent glagsreinforaerpentp arbepprer o, Bheregiiptionof the tamipatgs remains the
o feul l'y nodified with a conmpound containing a
MMher ol abi | e group to forma latent 15 catalyst. The

epoxy resin.co sition,.of the present .inveniio
compt | scARHEARA SAYATHESS fig erodicets o pripisdicifgul peads Witich
inclyBEiahé e OOV GERY RoirBDI R i enP BvBARR, Sro T Brotfcers can use
prodictionh condifibesnthhisart Sinnikar tepreyiduslgesisting bpaxy systems. Producers can
hexahydr oxypht hal i ¢ anhydri.de and styrene-qal eiG. .
aISOa?mVa?f%t@r ﬁsﬁ&yﬂwﬂ %Yﬁtemﬁdaag%begﬁu%ﬁ%y Sep xeﬂgwgf? fislectric
IS A9 1108 engl eShMsi, and
con?nﬁﬁxétsﬁ?es t_%?oggﬁﬁg@a&%url n%eﬂgigyég?% Ogglr)]ﬁgléy ‘added to
the comnpgl Lio0 LATTEShARlohs BRI et in08icl mAnise, 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-
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conposition fromthe beginning if they are latent. The
anount of the curing agents used nay normally range
fromabout 0.3 to about 1.5 equival ent per epoxy

exaxﬁélgi%\f al Bien g&%sf ?%06%99)(3/ 3A05RRRCHoSs8428) 27%56 % 2%81

abo b "about edqurvalent ’per
3,632390VHB43)60513,948856P8,956, QWIIXO(MSWI@ 4J093 6&&,04 ESSI 635m 40182,706;
used to- pronote epoxy honopo rrerl zation, Depe
41704001 LTED T 943 B0 80 43 TS, AR SR,
epoxy network can be obtained, or a hybrid network
can be Exrampli:s i theesaitatilb eathlysts ard iynidaziokes duepasdrmetiylimidazole;

thﬁ ep (hargentgy%pqeehlv}\frk 3 .Th? e|oox psgéﬂmgshiethylamine

mpréggflln I sh e as rer, an d ? hgﬁ;ﬁsnﬁtﬁ%{;%!t“g Q%‘hgsag%ﬁﬁaﬁxﬁ)ﬂo\%gh&lm

chlotilie, eth;dmemyyp}nfsphdmmamm&em ethyltriphenyl-pinsphominyeacetate; and
solvents can be use g’& oIv ts, useful in the
dg an etones such

5 6B A% PEHYItHRe
a”‘}@ gt {SMH%%EOIX %ﬁsgfr}é;re%%c e dtiop U e Caralysts
use@b)th@brem Itmienﬁbm geneeailjr rpnges ftoenaboyt 9001 weighd pe:tcbxytl to about 2

et her; acetate aof ycol ethers such _as ropyl ene
weiglt persentyanibprefarghly %pﬁbqboat;%%@%a k) eighaetceat, based on the

totaf\&,gfﬁggggq{,g?/ag Foldp=toi 5&% 5 aromatic organi c sol vents

uene and xyl ene; aliphatic hydrocarbons;

cyclic her ogen ar o

o et § odb apothrenRibe AP SHREL At MRtEGR g, ipfaqtfes may be
pan@r&@mlfnﬁaiﬂea%m 285hpoiRd coBMinifg 8 thefmolabiddgratp 10fdrt a latent

about 60 parts by weight, and preferably from about
cataB@t.t o about 40 parts by weight, based on 100 parts by

wei ght of the above epoxy resin 10 conposition. To
i mpr ove Btempayeresinadvniriosyion ofi iegpesent inverition may comprise known

curiS PRy 3@535?15& e e . g g s et
mcﬁﬁ&ﬁgﬂ s Sl d enfyﬁﬁetﬁﬁ.‘rﬁrﬁﬂh QlianBhSApRAS IV foldd |aﬁﬁﬁﬂ{d%§ such as

Ik 1 phenyl sul fonates sltch as net
hexnhydumyphthlaﬁomﬂtyéndeamyﬁyrpne-malmmaﬂlyklﬂdmmwlms, imidazoles; and

hi | t d
DheBglq g 28FiR PHD A8 ORI OV Freiss WOGHRREFY BAEP Sy curing
agefie LAY ET Radefltd ﬁféec%&ﬂlﬁogiﬁeﬁ SmmEiRtelPbabie dufifif, dFRYn be included in the

sui t e used an anount of from about 0.00 1 to
complositibn ﬁ@mv\ﬁiegabgnnpgnﬁ&ny areda@nm asountibf the tuming ageotstused

ma By SAnEe e Bt O P GO AS BT P‘@Enwbgiﬁé%aﬁ&?%he
epoggﬁégglﬁbﬁenﬁn% refdtfolP F8aEbout 619 %’6‘515&1@1 eﬁ@ﬁ&fdpéﬁy

L1 ve anount ©of other comonly enpl oyed
equivdlint of/the epaxy eympopentssi ns, for exanple, a reaction
accel erator, pignent, dye, filler, surfactant,
Vi scosi tiynid@iolds@ah ®e nsdd 0 wromoid ichd0r honﬁdpbhﬁneﬁrﬁtaﬁ'bﬁiaﬁ’epending
and m xtures thereof. A process for preparing a
on th¢ amishcempogitionaa purg pmgpelymerigrd FPEXy agtwerk 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-



conposition of the present invention will be described
below. 25 In a first step, the organic resin
conposition of the present invention is prepared by

_ solvGRINA G2 e BB IRRA e RR. B atimal P Pt fsGfne and
metBy1Gt kBoR® tal RRals saélias tyBanol aHe Bthasols Sly¥édthet8 Such as ethylene
e

catalyst; and reacting the mixture to nodify th

glycot metiyt ethersand propyilener monhmethiybether; assitate of glysoknthers such as

into the,back b f. the orgapi c resi S Ut iy in.
prony s ud! BRGamP Y et pocs” Wit Sud ol e Rt ik
5  arothiift GIBRNE s6196s siRh a8 tslueR! RAtxSTEnkOaliph&tit Byd®Scarbons; cyclic ethers;
efficient reaction between thé conpound containing the
and hpalogamatediydeocgrbonp and the -10 hydrogen active group
of the organic resin. The reaction tenperature is
usual | y Ihithe preetice wf thelyeedentinvehtiont thieialioumt of the leeganic solvent
t her nol abi | e coggound. The reacti gn general ly

emq%wééwfer@ngﬁm oytdSrip aba0-nats By petahtandgusferably from about
20 53Bo 0 RATHT Wtk baod ch Ut 9 il S BBl epppy resin

10  compebittegn about 20C and about 5 35C, for a period of
fromabout 0.1 hour (h) to about 72 h, preferably from

about  0.7% fgréve 618, stgﬂi%]it'y, IR D oRP FRindoRiRIsRINY of e Present

about 0.5 hto abouf 12 h.” In a subsequent step, the
invention enaywoiprieeia switphld tabibizdrn Suitable stabidjzerg.castusad Herein, include,

for QeSS bl 22 B e st oty
tolu_‘éH@s%Itbﬁ'&é@, g?{yl- b}ueaé&alﬂamt@hﬁ@ﬂxeihggp%mwizmﬁﬁm&@ A

v is drie , Tor exanple, fromabout 10 90C to about
15  prefetredsuitable stabilizer usrdyin dhopresens d@entionals methylqotoludnesulfonate. The

bout 0.5 m.nute to about 6 i nut e ef.erabl.
statfsh ma seRY B et dp % AGO MR o5 non 0D Yo BoGiscorreidhy
peré¥hf] ARl o€ SliAbRAFRA abG R W BCto D8utUSREighiescRtdht, Bab&d on the total
substrate may include, for exanple, glass cloth,
amqyin oEtheichmposi@mss paper, paper, and sinmilar organic
substrates such as pol yet hyl ene, pol ypropyl ene,
aram d fAdbdesiredribe gpuixytredin edrpasitoes lof temgesedT FRpntion may

fibers. 15 In one specific enbodi nt, of..the present .
20 comaREAR FERCIE REORH G B SHPael RS B NG fpsias, for
£, ASERABR 2dceiciod 5%%,%1% dubBctahies8skity controller, flow

ernol abi I e group. ently, no toamng or very
modiifier, tflachefretardanippndasixtwesithereoff t he dryi ng st age,
resulting in a prepreg wwth an inproved cosnetic
aspect . Aheocelfor prpaie €ecthial I4iginateusing¥nraanic resin
desired size. One single_cut prepreg 20 or a
complogitipniof fhegiressot inpendionayid] tegleserited belowber , f or
exanple, 2 to 10 pieces) are |lamnated and subjected
25 t o pr esshnrafirat step, freasrganie resin congpositioa i khe, presentrinyvionticn is

1 kgf/cn2 to about 50Q , kgf/c and preferably from
PregsEA Y SOREHIRG 2B BP0 OR G ATHA S e pREatigFessh FRadis Epuind
. e u . . r
ccmper | %g&eog t Hrrgbg? ,gxfo;h g’?@%%?%@ﬂ %%ltg‘%g’%cgéggmﬁ%grm&
catdlystpdndireaclin thermixiwre oo hrmidify shd arganiatesin tBuntrodyce lihesthermolabile
heat i n t t he thernol abi] e 25 groups are degraded
ZrORBRIiRNG §6<§&ona PREITHIRINRR il A
enbodi nent, nulti-stage pressing can be advant ageously
30 used dur Thayeaction conditions for the above reaction are selected to insure’an

€exal

-

efficient reaction between the compound containing the thermolabile group and the

-10-
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| am nation. As an illustration, a |ower pressure of,
for exanple, fromabout 1 kgf/cn2 to about 10
kgf/cn2, nay be first applied at a | ower tenperature

hydhgen aisrEr oAt g QHATIS ToRbo TP RGoD PR S el lifted by
the fﬂ&ﬁﬁal sefbility |ok'tH%rtE§f§iﬂlﬂnl%fconfp@ﬁn@ %@H&:ﬁ:ﬁoﬁg ﬂ%&bcéses around
kgf/cn2 to about 50 kgf/cnR, maybe applie

roomitghperatuen{aboutt25°€), but cdndve ommpoe, IOPCdmabsmt éﬂ°@aﬂ€fetably

ber Ry AP Comng ahoutth o otk pigirebl b8 b ABEAfnd about
35°€2fpr lag,eﬂs&g hsm%%f@h honrléh) E&egorﬁgz%gg%@gy b@%fr&ﬁieabout 0.2hto

nanopor ous am nate. It has served
aboutiz4 h, ahd maxe greferably\iomiou aleoutt Oich tocaboaf 12/bi ds, smal | er
and better dispersed pores lead to |ower Dk than
bi gger AAGubEgReRGHpEBRabovfbafied Vgl Efbin| & aliring agent and
conductive.layer may be forned on the lanminate with an
othey depirad: addifiyes mﬁ t/Brepere & vamish. AEhe paaish isthemimpregnated into

% ; rféa/ Slbgﬁ'% £5d @i eﬁl L < "ﬁ’r}e [8m about

o)

a sug))y(ﬂgétng?} \%elg: 2&% &ftglgfd & ars—suc C

90°@96 dborit 21 9=, .anB &)?éferlayltjﬂ aboat 13@0@% AbGat 2bo<>@rﬁ@1t ddfut 0.5 minute to
specific enbodi rent the present invention, netal

abotltﬁ»O mlmmsharalsprefmhb}e fromhout &éymm;ted@ abadt SBynmh‘@s to obtain an

ﬁ(7‘4an| ‘il n var ‘?El the entt | nven& ]1
OTEAAF FRSWRO8S hogh itE? LAy Le f‘ﬁl"f‘?"P ¢, glass
cloth Uglﬁﬂs fifer, 1A9 %ﬁp ég}éi' ahd sﬁn!ﬁ%kéhnf@s’ﬁb Siated RCA Ias péliykthylene,

as resin coat copper The el ectri cal
poljrmnp)dmeesranm tiberstand pdlytmﬂde@cthwmd (BBE)efiberan be
preferably wused as copper clad | am nates and
mul ti - | dnehe gpédnﬁcednbd)dmeht ofttbeprtserit inveatien, tthe mapregmated
eI ectronl S pnment. 15 The presen

EP%? e fsrempRsttion tewPF‘H“F%P ﬁsrg\éagfpeﬁi'éﬁ%ﬁﬂgﬁblﬂe group.
I
CoEJN A S bt i

in a prejpreg iwvittl, an imprdved cesmetic' gspedt. by wei ght". The raw
materials used for the cheni cal nodifi catl ons and for

the var ”I‘Eébbt&ﬁé&gie@fdg(lﬁlﬂleh Rut > £desined eize WinG Binkle dudptepreg
were as follows E.R 560 is a brom nated epoxy

or arplurafity o quhprenTesp @@yu@banmbq:refw eympfs: 2 to Kmipees) ar&é@nmated

anc RINVEHe et Rt i o PRl RS LR oot s0

kgfﬁ:xrk?rma REMYabOESD, ﬁgﬂ]cﬁﬂz tpabee0 kpomd) Ataitér@perature of, for
I& I\/I':}e with an EEWof 450, commercially

exampdfv Iﬁ@m ebqut bﬂ»)°th® abowt 229@@3 foala pedad afitjme of Sonpmaple, from about

0. BiRERepE3 G B Sl e o P i 18R g it

grodpmb Eib!%rad’éﬂ 4 ﬂ@ﬁbp&bme f&ﬁfbd‘ﬂi tifahiagd. al | y avail able
from rich

In one embodiment, multi-stage pressing can be advantageously used during

DN\

D

lamination. As an illustration, a lower pressure of, for example, from about 1 kgf/cm®to

about 10 kgf/cm?®, 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/cm” 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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DOMNCL PMis a propyl ene glycol nononethyl ether,
commercially 30 available from The Dow Chem cal
Conmpany. -12 DOMNOL PMA is a propyl ene glycol

the B BTG Sk e BBt SR IR o Bk Gk Bh Sk B iven

volufeTRichYh bV RN deailer MaPdiiet ﬁ%séﬂoré@%ﬁ%%we@@ﬂ@i bigger
stands for dicyandi am de (10 percent N. V. in

and mbteDigEregatydayes. 2- M st ands for 2- net hyl i i dazol e (20
percent N. V. in MeOH). 2E-4ML stands for

2 et hyI Adr ¢ledthiydl icohdirtiod Ryériapse formmed b Yhe lamiddbdwith an
10 2-Phl stands for 2-phenylim dazole (20

elecienlspnduntive meterial dysed Bspine SEPIF qlraEBON Ko mateials

i BB L Ui Rt s 3 <3 fy B

alumdhiirh. @ hydroxyl equival ent wei ght (HEW of 104,
coommercially available fromPerstorp. 15 D.E.N. 438

IS an epRXY e s‘gkélﬁc ERbodigied) of B8O pﬁ%&rﬁ%‘&enﬁbﬁ/ méthl foil, such as

MEK), with an EW of 180, comrercially avail ‘abl e from
coppeh Eoilovay(escuiated| byGherprganic réSHPNE0IBh of theqmesepbinyentiono [ The

varn{s 1 ek b phrty okl betee) it Rty 3 ety Shes) fpitainagpia coated

agrpe% yl isocyanate). 20 XZ 92505
met{lg&g%ug%oxy M"%@%gﬁpu er (50 percent N.V. in

) s A OB 60 sy

used430 éﬁﬂamlafﬂﬁatmﬂﬁﬁﬁlhﬂh%r prifited ArCGIDEYAEE For BM:tndal o
an EEW of 325, commercially avail able from The Dow

electrprigs equipmenipany. 25 SMA 3000 is a styrene-mal eic
anhydride copol ymer sol ution (50 percent N. V. in
DOWANOL Tihigirrédend invesition veill bardhmhed én mgee dejdibwith mfﬂ@npe to the

o Bl Cor TR o L b AR i

Unléh‘é%ﬁ%@xs@%cﬁ@étédi"'fyaﬂ‘&h%% "ﬁé&‘hby akighP00, and an AnhEW
of 762, commercially available from Sartoner. -13 SBM

1A17 i's PheSth¥ RABHAV LA 16 Re CRéEHICh! ABLiBRMAIoNk 3he& for the varnish
triblock polynmer, comercially available from
formdulationsan 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-
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E.R L. 4299 is a cycloaliphatic epoxy resin, with an
EEW of 195, commercially available from The Dow
Chemi cal Conpany. 5 BPN17 is a bisphenol A phenol

| . | ' al . _
comrer PAVYNCPYER FRAE sy iRaie il pude oo
comnferéill e ilblcARsn The DoenChenticall®digpangovol ac, 79.6

percent solids in acetone with an EEWof 197 (based

on sol | doVr EARTRS Hhiakhyifedidigp! © from The Dow
Chem cal Conpany. 10 TBBA stands for tetrabrono

bi sphengl,- ) i$ a diglycidyl ether of

bi sphenyfeﬁg S\%ntﬁﬁﬁgrﬁ%%\}o f 180, commercially

avai |l ab rom.The .Dow Chenj ¢ Co . . 1

"o SoPiY s RF sspndinids (B pmeediay Vo DOWANSE Bvmr
50/562.””“ cially available from The Dow Chem cal Conpany.

15 XZ-92535 is a phenol novol ac sol ution, 50 percent

i ont. (DB Bl R OOt P
cpoxy T QML AR 0k 2oy 4gneByin ipip 12 peroGil ol Sy B MEK or

tihy h an EEW of 360 (based on solids), conmmercially
avai | abl e from The Dow 20 Chemi cal Conpany. D.E. R

bi sphend T PR ARt ob Bt Gty g WO

a0l 28 TR SOP Aol IRe L fgpPRe

o A S OB o i
DoRs S S A3t § BRIy ST ey

availdtde fraln Berstoapsi s. The anhydri de hardener sol ution
("AHL") used in the exanples was prepared as follows:
-14 An apIR/Nr43%Es baepeiiaiovek (i =306)(8biherce@N. M. pRIBIY, with an
in a 10 L stainl ess steel reactor equigped with a
EE WeafH$Ri eommercially availabigifrem Adedoyw Chemical Company.i t t ed
with a N2 inlet and a dropping funnel. 3671.9 G ans
of DONANERPNSRHhiscin 3008y ovplani(80 pércemtN.Y. iroMEK))94th an EEW of
wer e charged jnto.the_reactor .and the m xture was
17O B Gryellablg o MPBGR SRS di | ut i on. 730. 7 gr ams
of RICON 130MA13 was incorporated into the resulting
sol ut i onMDistandefos 4’ et engbistphenyl iseyan#eh e t ur bi d.

After 30 minutes, the resulting. solution was_allowed
to cool X8WRA50DisancpaxiMIAflow modifier 650 paicepBi. Y alpDMF), with an

EEﬁ’ooltLgSIO,o cr:]or}u?lcrcially available from The Dow Chemical Company.

XZ 92528 is a bromine-free epoxy resin (75 percent N.V. in
MEK/DOWANOL PM), with an EEW of 325, commercially 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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MEK (15 percent non-volatile) was introduced into the
solution in the reactor at 80C. After conplete

cool ing at anbient tenperature, the resulting
anhydride hardener solution 10 was turbid whitjsh

homogen&&M 1ATAds 3 pysmeutagiengrmstaylimgthagyiatedribleck polymer,
m%}%lr' | m@aﬁg?ﬁ"dp‘%ﬂ' on solids). The properties of
R o AN T

am nates were tested using the
fol | ow t {ng neth and appar at uses: )
bi el ect ArBInA2R ek R leaameek o d R R AR bt 19 e
comWRRcibihE sl ai18b18 B TRe DoweOBerklcall Conipany. at  anbi ent
tenperature, froml1l Mz to 1 GHz. ‘Sanple size was

about 1 : . i1t i e f :
(b) Nucl%ég‘ﬁmé%é s méédgg%élr?ggbmw g%?grfe%nufvgﬁ?&mlgh tot
120 Brontxexciallp pasikblesfropekakawgChémi2als. Mz was used to
determine 'H and 20 13C NWR spectra. (c)-
Ther nogIRABPAPN i¥ ahRepbiydlised bisphind- Dpltaidl newilad, 79 6speféefit solids

V5. 1A was used to determne the weight |loss o
in acabokief Withl am BEX of %1 fhasddrarsodids), eommersinblyrayailabde from The Dow

300%:. d) Optical Mcroscopy 25 100 pmthin sections
Chepueal ComB3BY.eq with a rotating di anmond saw. The

sections_were studied with 8 LEI CA POLYVAR 2 |i ght

ni cr oscogeBdstands fos detrbromo bisphenl-Ar ed 1i ght and

differential interference contrast according Nonarski.

| rages VRER. 33Qps adiglycidyl lether phbisphsnel-fwithiag BEW of 180,

canera. - Trans Ssd on. ctron Mcroscopy (TEM
°°W‘§F’ﬁ'@¥ an]ﬂgB&ef%% [elﬁg m&t{ma@%mga&& i oned

per pendi cul ar_to . the ass bundl.es w I CA .

Ok TRACUTD 101 6615 i € relf sy ary wities SRY; 00 ommpially

] [ i s was 120 nm (setting).

avafgeﬂé% ?8%1sﬂ\/%eq?ésghlﬁceag@v%ﬂ { CML2 5 transni ssion

electro . i : '

Col | ect 2 8avs S mBicbigdoflipd 56 plrceif kil HR DIWANOL
PMADRgthrthydeskyt eqivaled vightt(@HBEW) of 104} bdmmbicidityGhailaiidfrom The

at 100 W TEM m crographs were made of representative

Do (Chemical Copwar¥actj ons. (f) Mbde 1 lanminate fracture

toughness Mode 1 |am nate fracture toughness was L
det er ni NRE-By520AB0 il 4 braminatedepoxp resitoiedigfian, 8B pergent solids in

ccorgdanc |, t M D5528,. . Toughness .
acoiE i i REW ACr e bRt briosy ¢ REER RS LR KR TR Dow
Chénﬁwig@h}ganypterial property, non geonetry-dependent. A
servo- hydraulic MIS 810 test frame was used to perform

Lhe testp EIREGAIEAS b igh RUlebAEPweRRAYS LRy i ibisph¥nol-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.

XZ-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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(g) Scanning Electron Mcroscopy (SEM 15 Sanples were
studied with a Hitachi S-4100 FEG SEM i nstrunment with
4pi /NIH I mage digital i rrage acqui sition. Sanples were

1 P nee iy dip Bt Sl GCAN e laia o, GF offes stea

reacfdroéq piRdREH a in%éﬂamd@ﬁétﬁrdﬂ SdndG HeafifPjadketSan Mbsd Witle a oY, inlet
the faces was sel ected for SEM These snal | er pi eces

and gfdroppirg funael 36¢1.8 lﬁfm eEDWIV ANQILURMAY anth3 GA3uhizmatmoS Enlid

SMR 00 o/ e B n® RS oE 5 i P Rositd to ST pfer

mglét@dﬂﬁtﬁ) Wm1mu3%%&k§&hﬂea it tiRf¥sulting

he standard mat hods used I n the Exanples to neasure
solutient Thergsnltingsolutien anned wihité wrbidwafter BCniingtes, the tesulting

sol Pr°‘*’v£ﬁ%ﬁawe‘?s”reﬂ? o I 0% 54074 567455 9 £V b tdfpon in

MERf élﬁ’?@ﬂé@ﬂ noRWdldtES) et IHRRIREd Iri& e Solftid ptn? Melreactor at 80°C.
| PC-TM 650-2. 3. 17D Resin flow percent of prepreg

Aftdricempletd ¢apling at &#abie temperdtude, tidre@ating anbeydride dprdeger solution

was el BB Benppe?ofhe bt hisal wibegge savaledtsaiight was 439

(based bRRANdY).0f netallic clad | am nates [copper peel
st rengt hf | PC- TM 650-2. 4. 24C d ass transition

Nechan; ciF PIRFSE A roth Rinip f0R% il eing 6 Blowing

testiby pesiodsrand epparatusdsC- TM 650- 2. 4.24. 1 Time to
del am nati on (TMA Met hod) [T260, T288, T300]

| PC-TM 6 D@ﬂé@ﬁé@[&,ﬁ@ﬁeﬁ@any tion tenperature and
cure fac by DSC [Tg] 10 I PG TM 650-2.5.5.9

Permtti qﬁ'%gp I
to 1.5 W meas m%uﬁ%ﬁﬁ@b&eﬁw@@é@d&i@%, at
amdesm ltampersmres ﬁsm 1 MHAztet leGHz 0 Bamplefdizeavast abotif 10 cm x 10 cm with a
650 §t6 16 Pressure vessel nethod for glass
bovt LB § egrity [high pressure cooker test
(HPCT)] 15 Exarrpl e 1l A brom natdepl\(()Ixy reS| n, DE R

- ZNOHC Rl |
di car bonat e groups usi ng the fol |l ow ng conposition:
A Brucker apparatus operatmg at 250 MHz was used to detexmme 'H- and

BC-NMR spectra

(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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Conmponent Amount D.E.R 560 250 g DI BOC 30.4 g DVAP
1.01 g dichloronethane 200 g A. Procedure of the
chem cal nodification 20 The epoxy resin was first

di ssol ve é? d| chlor et h3g e ) 25Cin an

Er | enney ansayssign. e £ ér. After
conplete dilution, soli d d| -ter-buty di car bonat e vvas

added t o\ glges ﬁb@lﬁemea@tw%mwcumme@m%ﬂqr& therglass

bun&ilﬁar geéI II’@?%{] ﬁ%@@@f |Eo %ﬁwﬁt}&? : % resu ‘@#&h‘f&

The$6¢tioni thidkne¥s was 120 hed(sétting)r {8 eetibns Wﬁ’ﬂ%ﬁﬂiﬂdrvelﬂi aCMiput
18 hours to ensure conpl ete conversion. 25 The

trangmispion elaetron axerosepe ep%rpfé%@telaoiw aS‘F@@PP&/RRQFGOUﬁ%‘i onto

r a 1
°lea¥§(§iléﬁ%e§£§§i’ e&%f‘ser o0t nrper rﬁ?%&g%%:y B %5’600 TEM at
100180 MEEMCmsesg I GReré MR offeprosertativeratsut tid set:ﬁ@ns

nodi fied brom nated epoxy esin The ' H NVR and 13C- NMR

spectra @gm)aé T inin AR trachdiohghndi@di fi cation of the

‘br om nat epoxy resin and the grafting of the

ccurt edOu ) IpR BRI GHERIRS WAl itelificd By bRl Back
pro ﬂ&@h&ﬂﬁﬁwrdﬂh&&@ﬂﬂﬁAS@MBSﬂS CRéupdiReds washhédsm@a b tixpstrain
and shift toward carbon ?- o o- -9-CH3 10 -

energyelgrsginate, Gk, Whichys angninsic materielinseparty, Bon gﬁfonats’ dgpendent. A

a L
o ol e O s B 3 B e
isvadldoad®By §EMpPM These peaks are not due to free
i -ter-but yY di car bonat e because the carbonyl would

appear o) S RRBNMRIScBhy &EMF PP 15 C

Ther mal aracteri zation of t e nodi fi ed brom nat ed

S50 el e o LA £

4pi/NIAQmape BigRtal fdgeatquiditioh. 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 m_ounted 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 SKV.

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 Fla:hmability 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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to deconpose around 230C- 250C because of the standard
thernol ysis of the bromne groups. 20 Mddified D. E R
560 started to deconpose at |ower tenperature because

BB dda8en 170 drel SispeoffResalic SR RS [P pec

t he degradation of the %ﬂé{hﬂe groups. The wei ght | oss
was due to the thermal breakdown of the thernol abile
PO-Idhas0-20t.240s gr af t ddlasstransition températurdamdldame'lhennal

| eading to CO2 and i sobutene evaporatjo r.
tenperature (T > 230C FBPIBHE DY aﬁ‘%méi%{ﬁ ath%ale is (TMA)
thernolysis of the bro £ ¥ olﬂr(;q@;

s e L

Three other  TGA runs orms ferent
IRGIM650424124.1es. The Timedo ﬂelmxyiﬁonl(‘iﬂk@s hmhmba’&ﬁ(bd‘%&
at the end of the isother -18 (1) At the end of the

i sotherm at 180C for 4 M%ltes, the wei ght [oss was

RO ISE7) N 0l Eshaabieil o By psc

5- (3) At the end of t[ITg]lsot herm at 160C for 60
m nutes, the weight loss was, 1.14 percent
o0 Bl S epo Gl pa%@?gate,lmto

nmodi fied with di-tert-bu qj ng%zﬁ. ups using
t he sane chem cal nodi f| catl on procedure used in
BeIpM-650.2.6.8Q except vﬁ]idtmhmtressmmmaﬁel[snidereﬂnastesw in

Table | below, Table L Conponent Exanpl le 2B
BRSS9 B o 2 H5oware Ve Mg by Eosorsay lapmRe
118 118 118 DOMANOL P .4
DNRP 0,51 0. 17 0. 085 0. BEE AR e e sgobadeettf CRl

or NCL PMA coul d be used directly after

15  Ex ication, -without stripping the reaction sol vent
15 TGA and NMR results on d_sa confi
modi f i c ot PERm eﬁﬁéo"}e’fﬁ’é‘ﬂygr#egt ﬁéo q‘%ﬁ&ﬁﬁ?“@&gy ol With di-tert-
L PoltoWife B g&@? was chemcally
(ﬂ |e%€e\?§r ggcpt- IE% ar 0cl)lnate groups usi ng
tt@oﬁgﬁn{:hem caI nodi f| catl on &58&ecdure as the one
D.E.R. 560 250 g
DIBOC 304¢g
DMAP 101g
dichloromethane 200 g
A. Procedure of the chemical modification
20 The epoxy resin was ﬁrst dissolved in dichloromethane (CH>Cly) at 25°C in

an Erlenmeyer flask with a magnetic st1rrer After complete 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.

25 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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20 described in Exanple 1, except using the follow ng
conposition: Conponent Anpbunt D.E R 560 2452.4 g
DIBOC147.ZgDI\/APO4lg DOWANOL PI\/Al400lg -19

BalN kept at anbi ent terrperature for 4 hours.
Th MNMR% SECNMR SpbstRctoyiithad thaf eHebdigd] modification of the
pur|f| cation, and wi thout stripping the DOMNOL PNVA
bronfinated elhmcyrresn and themraftipp of the dli-4ertibutpl dicarbenate grawps onto the

n, D.E.R 539-EK80, was partially nodified
resqﬁq%ﬁ% ert-butyl dicarbonate groups using the
1. conposition as shown in Table Il below Table H

onent Exanpl e-4A Exanple-4B D.E. R 539-EK80 (Q)
617 416 MEK (g) 54 24 DI BOC(g) 96 133 DMVAP (g)
0. Qéi'salﬁpeamce@g{@m BZppmi ght | oss between 170C and
220C, neasured 6.6 14 1 by TGA (percent) 10 The NWR
Bospgrtra showed that the chenical nodification was
successful and that ‘no residual di-tert-butyl

ShSapienete egml noorincl be, ol an M speerifa g

groups because of the under- st ocﬁ'r'aorretrl c anount of

di-tert-butyl dicarbo this
T3PRAFRRCE i r%wmé] Eﬂﬁ‘é‘?EtEP'gﬁ c'é’npe d§]4
chemcally nodified withHdi -tert-butyl dicarbonate
gr oups accordl ng to the‘ﬁr%‘cedure described in
Bppereceof qpatemasypEhn | it ualeH-4ERPMs f ol | ows:

Conponent Amount i sgh nol -A 114 g DI BOC 109 g
- appearance of carbonyl 7 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 lt>ss 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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DVMAP 3.66 g dichloronethane 200 g -20 NWR, DSC and
TGA characterization confirnmed that bisphenol -A was
regenerated after heating to 220C and that degradation
of the car r 0 i:
Bxampl o ot it A S BB B4 s0-C B Blfindles, e it Loss
Perstorp Swasd®728ercéntpas chemically nodified in MEK
with di-tert-butyl dicarbonate groups, using the.
proceduce (29as¢Kd RADTHHE FRERA 8t 185°0ifof 60 fmiMidésy the weight loss
di carbonat e"was charged wth an under-stochionetric
rati o, thewef4dA&peroentyanghrt of the phenolic groups
were nodi fied. The conposition was as foll ows:

5 Conponent @iywis tie endesfheispthSim 361 608CXoHG0 minubtsBHE weight loss
g DMAP 0.67 ﬁ MEK 2.9 g 10 The successf ul
nodi fi cat i WAS hWd4 PesERt r med by NVR measurenment. After
heating to 220C and degradati on of the carbonate

Exapgplas2d-2Dhenol i ¢ - OH groups are regener at ed.
Conparative Exanples | and Il In these Conparative

Exanpl e beadtitedepoxyaesinldD. ER k360ywasé modified weitedittert-birfyl
. was used as an additive foam ng_agent ang not grafted
dicaghpngte greunsuging; the samag chemieal n&sﬁ%@%ea PIQf wew?%@@m?ée 1,

0 xS R IR o oL e o

i ncor poration of azodicar @g'tde as a foam ng agent

dec a3 A
- A

HHe—a—+esiht-epds—t YRS tabl-erv-arhi-5h

( pr cGompenent oy hExampledA | Example 2B | Hoxampl Example 2D
I anPER56008) maér ob36®1 es | whi 2601 eads t @50 250
del arViBRI (gdn) . |-211T&bl el || 11FORMULATIIAR Conpar ative

BEtsonaNoOLPMRal at 1 ve Exafple 11 (feference) [(wth

azodi cgi,bonam de) XZ 92528 [75 perg¢ent N.V. in 118
(NE#@‘B@ oy ST ¥ Siz§g v (97354001 ¢ar DgEym de[ (U) 304
DMAP (g) 0.51 0.17 0.085 0.085

S

The modified resins in MEK or DOWANOL PMA could be used directly
after modification, without stripping the reaction solvent.

15 TGA and NMR results on dried samples confirmed the modification of the
€poxXy 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

20  described in Example 1, except using the following composition:

Component Amount
D.E.R. 560 24524 ¢
DIBOC 1472 ¢
DMAP 041 g
DOWANOL PMA . 1400.1 g
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15

DICY 4.76 4.76 [10 percent in DVF/ DONMNOL PW (Q)
2-Phl 1.18 1.18 20 percent N. V. in MeOH (Q)
PROPERTI ES stroke cure reactivity 170C (s) 241 224

filmT G131 arfi sh appearance clear yellow
ol ut1 orDERAN S8Rt SRLRRENS a7l of EubiRf tomperature
withii e ivu@é) tand %ﬂfﬂmwh&ﬁm@&\'iggt Miéﬁt&ﬁﬁ{@tﬁmor 4 hours.
pressing conditions 125N c 125N cn® AM NATE
PROPERT i, 11383108 i %ad Bse@ Wttt filref yﬁéﬁﬂ&dﬁéﬁ #hdl without
whi ti sh opaque, | am nate appearance ow
stripping $elDOWANORIRMA fgen douresinl ar ge bubbl es bet ween
| ayers, delam nation Exanples 7A and 7B In these

Ex AsnddBnodi fi ed broni nated epoxy resin, nodified
D.ER 560, 5 was used to prepare electrical lamnate

f ornmul at j : iRedn fint i ' : b i
Sh ) APR38R Pl ol vt
tertfbatyl elicarbandid greupstisingfthe ¢drfipositiorcasrshown di Tabde IT ey,

D.EER 560) D.E.N 438 31.53 36.03 80 Percent N. V. in

MEEK] D.E.R 560 17.29 [ 79aglemcent N.V.in

cydl onexaneRalpohehy NMOd1 TTEd Ranic #RO 17, 2By adpleB
[ 7Q_percent 110 cycl ohexanpnel Perstorp 85, 38. 28
[ 54 perDbdhR. BBYYEKBO ()ONANOL PMAJ6120. 34 46. 10 BSOWANOL
PVA—g)—2—6+4-306—boriec—ped——soelutton—t——22-—1-30-
MEK (g) 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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[20 percent in MO Il (g) 2E-4M 0.77 0.88 20 percent
N.V. in MOH (R PROPERTIES stroke cure reactivity
170C (s) 231 248 filmT C 184 183 PREPREG PROPERTI ES

gel 1 maOBs BRE e AR K SRkrcalicn ronBbRR] Bk B s

regeﬁ@rafﬂd%‘éﬁﬁea@é $0220°¢ Canld/ 1BAP dBraltatch o thdLA¥Hdkate groups occurred.
PROPERTI ES | anmi nate color whitish translucent white

_EX% (e laminate T C 178 182 The above results show
the nodified D.E.R 560, prepared according to

a6 01 G kB 262,
was@BEhRERY 1odifSn MPEKR “Mﬁijdldcﬁftlﬁilﬁﬂ %Qﬁ@nﬁfé@o&ﬁs ﬁshﬁg the procedure

fully cured am nate sanple up  to

desaribed imExarublel midiethitibutyd damﬂmnabrvmswbgngadl mthomwdgr stn@hlometnc

ressin ta [ eaS|n the a f I’TDdIfled
rot RS ey rEf e i ReR S EOBP WS TSR, L6° eyl s as
fou(g‘{,gm whitish translucent to white opaque because of
bi gger and nore nunerous pores. -23 Exanples 8A and
Conparative Exanple 111 Hddiese Exanpl es,
s amounts of nodified D E'R 560, prepared
Perstorp®SBi6R8 t 0 Exanple 1, were u@d3gn resin
formul ations, as described in TabI e V below. 5 Table
)C Conpar ati ve Exanpl e 8A Exa % 3B Example 111 (50
cent (100 percent FORMULATI percent nodi fied
DM%?PVE R nodified D.E.R nodifi eé)%?b“%g 560) D.E.R 560)
MER E. N. 438 234.7 122.5 180.1 &®gercent N.V. in NM
(g) DDE.R 560 [70 percent N. V. in cycl ohexanone]
256.3 71.2

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 I

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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nodified DDE.R 560 71.2 197.6 [70 percent in

cycl ohexanonel (g) Perstorp 85.36,28 [50 percent N. V.

in DOMNCL 299.9 165.3 230.5 PMAJ (g) XZ 92505 [50
percent N.V. in cycl ohexaq,o&g] 56. 1 DOMNOL PMA ( Q)

15.0 boric acid sol utionl8®§dl4 91 6.96 20 per cent

In MeOH (qg) 2E-4M 5.17]13.36 4.77 20 percent N. V. 1In
MeOH| R THESy Stroke| Clomparatiya Bxampletly| 1Z0@astigitample 1T
215 23! prepreg Shl ny SIEI ny &kfergive) y f opnfvith@zodicapppenside)

nrneel nn oo rhj-n ons 100C
A~ A4 A A —d

o C “LAM NATE
yele) bal e N{”I ow V\,hl te opaque319
| +es 120 Aattes—Bo—rrrttest
hi gh mzmwp@meds@er test tinme/ HZO 0.27 P. 39 035

percent /7 10Pi®r 4L percent/0 pi (W up’/ per cent pass, 20s
BObetesnt iR PMFPBUOWAROL PRI g8t pass 4Percent pass petfent
pass 1288 gawnutes) 15 10 13 OIJ geel /cm14.6 11318

14. o0 paodntieV. id MzOBBGY (s) > 180 3/106 ¥/ 5 solder

fI oat 283ROPERFIE$80 118/1L6 3/2 UL94 rati ng V-0 V-0 V-0

Fa¥ il

o ﬁ@m&@%x @g(s $—53— LJ241J. \J‘IL PSC—0- Ulﬁ“_

0200 @it € TESUL{S STOW [fTat TheHSe
—m—w%(‘%ﬁﬁ TE reu accord lefion,

1, di d veoish aphearages t he f edct ogt| yeowsplutione V;%?écﬁ;haﬁﬂsbmgm

nermmal StablTlly 90 minutes @185°C 90 minutes @185°C,
pressing conditions 125N/cm? 125N/cm?®
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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remained simlar. The nodified broninated epoxy resin

D.E.R 560 still acted as an efficient fire retardant
(UL94 V-0). The increase of nodified D.E. R 560
changed the 5 appearance Qf. .t | am nate, -fromclear

nunmerous pores. The di ¢l ect rExemplofst ant jof t héxample 7B
nanopFOBMELARIN i al s i (Fvemest wediADFAR | 8H1G0persere podified
| ower than the referenge in Go?f@hr ative [Exanp|teERq360)
Bubbl es DIEN.H3&npl e 8B are vi si E under [t he opti g

M (30 pacaaiieV. i IMEXS (g) bubbl es ar 5 out 10-1100 pm i

di anet eD.EBWSB| es in the two qt,lagr sanplles were not

T®pexcers NPY. & ayelchexanpre condi ti Of ission
el ectmqsilﬁeercfxle@bpy of | Exanpl g-84 shovved very SHRE] '
b {18 péreent 1n g pxanongl g} 0f fram() ﬂ’l m pmwth a

nurrberPeﬁﬁa’rﬁé@’%&a e diameter of 0. 059 The
[F%B@P%Né’e“@ﬁ%éwggfwl Exanpl e 9O3f shows o bubbrgt?
| under thed@

llow to vwhitao Aanannn H@lﬁ 1iarnaor and
‘#e"_f TV v U Vv UG UVU!.‘\J'UIU A B I\ " T CAT 3U| A

r\r\nrllfln_n 1'—1Thg dug_rnctcr 3% pcre}III
t he DOWANOLEPMA (gExanpl & 8A werzéas foll o pories
of ATEREE: adid Wfution V- U4 - |U- U4 - U. Ub - - 0.10 -

0. 1220 posent EIMbORE (. 04 0. 06 0.082D. 10 0.012 0.14 14
[ pores comnganarati on 8.4 16.5 Zgg? 34.1 10.6 5.9 20

(pgbg@ﬁm.mamea pge |di anet ef'$¢ Dn = 0L 059 gm™
. PROPERTIES 0. 069 m Exarrpl e 9 and Cohparative

vl .o 1\ 1L + acao I PN HIE <l | el | [ ifaXal
TPTC |av. |t—§@41 )Ll\r pl CS, T1TCU E;Lr(: \)Uﬁs
m O )u my—CtuU L_Aallpl T i wdS UptCuUu 111 a183
£f o — + 1o
AN 5351 A G RANG RAU LA B
= o prept “r%siﬁ'c%n?éﬁi,- clte “) 45 = 47 = R
J0 9 T TI Lije I UI I Uvgsng apl e} vi. Ian69 VI .

3 ; 1B 18580 F 990 minutes @ 185°C
mFOD@WaWoporou) D. aojh/cnﬁSS 80 per centyo N/c¥?
AugPRa;isggngs 18969 nodified DDE R 560 [70

cant I\I \L N v nn-_ 1.1 1 DOALANAO D N _CoNn
—t \f

cTTe T T VLN 1 . = [ N\g ., JUU
lpmipate gglor, : b, ~whitishfragaipcent . L~ o) opaque
:.n- O TIC T\lg,é)’ol LI} )\, L“rﬁ,]fo 1L, 1 T 1Vi )

264 At
O T 20 Z0 1, ZO0Lr 10 [ JU Pt cenmt— N V— 1171

DO/\ANQ PVAJ (g) XZ 92505 [50 percent N.V. in

cyclohexanone] 90.43 90.43 borig tion

per cent Tgegb OY%qu@—ﬂhOW that the E*Pdlﬁ?gcﬂa %tﬁ% gﬁ fgjg%gccordmg to
Exah!lee 1,I dia M?tochgngé)ﬁe §ea%99ity of the resin and Tg remained similar. Also, no
thermal degradation was observed during a DSC scan of the fully cured laminate sample up

(D\!C
%

S @

bl

q

q

H

N
b

H

P L%
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:

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.



-25 Table VI (cont.)

reactivity 170.C (s) 234"

PROPERTI ES stroke cure
233"

filmTg (curing: 10

@
gel

170C + 90' @190C) 163 168 C Hand Lay Up Prepreg
Ex: DIQP&K q tﬁ}%ﬂ%l 80 180 residual
8-pry, pressing conditions 90
m nut es

accoY(ﬁhEé Ry\Eﬁz{inplb

LAM MTE%@@@”X%“?%@%?&@W@%@%”% Btopared

QIReReELh redinFofmaatidng, ab dé&&ibed in T8ble S/ below.
K 84 68 CTE > T (ppm K) 255 234 Cu peel

(Ncm not determned 14.6 Sol der float at 288C (s)
265 135 Solder dip at 288C (s) 250 130 UL 94 rating

V-0 (sum = 24s) V-0 (s

um =

;1: %ﬁw

Dk I MHz 25C 5.45 4.15

B—1-MHz 256-0-043—0—637— 25C-5-34—4—06—bF
| OMHz 25C 0.013 0. 012 25E5mplo88. 99 Hhmple 8B
100M& W§ 0. 012 25C(58p@&nG. 87 (IO percent
500NHz 098 0. 013 DKCOPEER, 25(C medfed BES | mrodifi DER.
25C 0.017 0.013 The abpvgygRSight S| showhat t he us®0bf
modi T e0p BaE438. 00U, p[epared acjcor dai cg fo B arrpre
2D, [36hherbertdl,v GlwarREe) hel reat4 ity of th&3var nijsh, 4k
10, therpmlr. 56oSstabiTity and tlane| retardancy I emal ned
S [ipkradnt N.Vhi@ cgliohéx@@hé]i ¢ copsdzant pf t h®.nanopgrous
() :
modified D.ER. 560
70 percent in cyclohexanone] (g) 712 197.6
Perstorp 85.36,28
[50 percent N.V. in DOWANOL 299.9 165.3 230.5
PMA] (g)
XZ 92505
[50 percent N.V. in cyclohexanone] 56.1
&)
DOWANOL PMA (g) 15.0
boric acid solution
[20 percent in MeOH] (g) 9.05 491 6.96
2E-4MI
[20 percent N.V. in MeOH] (g) _ 517 3.36 4.77
PROPERTIES
stroke cure reactivity @ 170°C (s) 234 215 235
prepreg aspect shiny shiny slightly foamy
90 minutes @ 90 minutes @ 90 minutes @
pressing conditions 190°C 190°C 190°C
40 N/cm® 48 N/cm’ 7 N/em?
LAMINATE PROPERTIES
color yellow I:::s{:g::: white opaque
180 minutes/ . .
180 minutes/
higp pressure cooker test time/H,0 0.27 oggzgln;t;%o 0.41 percent/0
pick-up/percent pass 20s solder percent/100 percent pass percent pass
. percent pass
T288 (minutes) 15 10 13
Cu peel (N/cm) 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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10

15

20

material in Exanple 9 is nmuch | ower than the reference
in Conparative Exanple IV. Exanples 10A and | OB and
Conparative Exanple V D.E.R 560 was nodified

20 PR S A PN s

accdrding\to EXémplel 1) d{dhot Ghanpe ttie kot vty 6 det wisnivle aed thiepfisl @¢hbility
with and wt hout appl yi ng _vacuum. Lam nat esgﬁr essed

remeiagd Fimyke fhe modified bromamated sperseresinp-Efb 60l agted as an

offi it HrE recidih (O ol V- OX PRI Bgthe P BQUAGR. ser'chad G e
appéavshcp of ﬂﬁﬂhmirﬁ&!} froat ﬂwtyellm&)hﬁa' bpddueOdyeato dager and more

nDdIerd nDdIerd DE R npdified DDE.R D.E R 560)
taptoithe pangporous matgriels wExamples 8A and

V. in MEK

58 1%%{%&%@%%@%%% reftngdin oo MBSRERI HL RV i

375. 587 793_0. 000 i fied

D.E R 5%‘%’%&36’68"&%3 W%Vnw?@%ﬁ&g icelfpicrpsgops. These
bubﬁ@y\ﬁfé%oﬁ’d\d‘b T @ $h Biafteret S Babbige Mk HY Byvo Sidr %;1&5%%&

O percent N.V."in NM (g) Xz92505 107/.311 10/.311

wmhl@ﬁn&dr]thesﬁ@:opéhonmt N. V. in cycl ohexanonel g) boric

acid solution [20 percent N. V. in 13.146 13.146 13. 146

NEO"" ( gl)raﬂdﬁuédi/bn dléctzdndmibiosdbpy JfExdfiple BA shewed iéry bin¥ll
) PROPERTIES stroke cure reactivity 170C. s

bubh'@amzt,hs r@ggs of fep0-0hymp Ok Sapreyitior apeber mean fvpsagediameter of

ool TH8tefErehck iy BRI DS nd lBRs gitodd

condigbas.t i ons 90 m nutes 90 m nutes 90 m nut es

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

pores diametei' 0.00 - 0.02 - 0.04 - 006- | 0.08- | 0.10- | 0.12- >
(um) 0.02 0.04 0.06 0.08 0.10 0.012 0.14 | 0.14

pores concentration 8.2 16.5 23.5 34.1 10.6 59 1.2 0
(percent)

Mean average diameters: Dn = 0.059 pm; Da = 0.065 um, 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 VI

Table VI.
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 242.23 121.11
PMA] (g)
Perstorp 85.36,28 261.70 261.70
[50 percent N.V. in DOWANOL PMA] (g)
XZ 92505 [50 percent N.V. in cyclohexanone] 90.43 90.43
(&)
boric acid solution [20 percent N.V. in MeOH] 7.91 7.91
(® . :
2E-4MI [20 percent N.V. in MeOH] (g) . 5.200 5.200
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10

@90C, @90C, @90C,

50 NNcn? 50 NNcn2 50 N cn®

LAM NATE PROPERTI ES appearance pal e yellow, pale

yel |l ow, pal e yel | ow,

transparent transparent

ntent (percent) 41 40 42

it rof aroanca
A>3

translucent Jlamnate r i
1 tvraryv 1
_Wﬁmw,
1 0.98 OI.’%%PERL nate with{vacuum OFF 2 -

mMoer eiivo

ply, 2-ply,
2- Detryke curp FeR@ItY@ 10@0@E) t1 ong 90  984"m nut es 90 ne3t es
fith Tgile@n@o0@ C70°@:90-@190@ 90- C, 50 %vaz 50 Ncng 50
Ncn?  LAM RBTE PROPERTI ES appearg ce palle yell ow
paI Hanﬂéhﬂmrepedmoppmbd ow, f{transparent t ranspar ent
tTanst; blﬁ Ly b e Test —conteng <PerT IIL) 309 39
Cvwy un lITEIgT ernce
3 amnd wrrpag
EXANPI €yrilhinBbohsiiins 560 WaS Wm@g Apsar, d o%gooc
procedure described in Exafpl e Jné&n’and u ed | nN/
Tor anPMMe In Table Vi I I bel ow. The
rJ:t-nlj_c- af _n1cinn Aaraznn hia A 1 1
bR 55&913: ;ﬂfgugon:i’h;g ; '
a7 - S RSARRSTIN EDANERA -
8min) " O Lg.}’,‘f..”*:i.lﬁk' ve L T
nll 1? j-,J-;D I_\I\IVULI—\ITAJL\I E)\all I-LCL .VL-LSS)U
- '\_‘U pil j_CE[ :_Il:ﬁsl I CU nmpur T I"ELQ34
A . L. \. . . 3
Press rﬂee 3 ure)y—Si s
- scen2 L. 2 PV NVER 2500) D B R. 5003g
UL 94 rating V-0 (sum = 24s) V-0 (sum = 24s)
Dk @ 1MHz 25°C 5.45 4.15
Df @ 1MHz 25°C 0.013 0.012
Dk @ 10MHz 25°C 5.34 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 @ 5S00MHz 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 IOA and 10B and Comparative Ekample Vv

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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[70 percent N.V. in DOMNOL 1799.0 PMAJ (g) nodified
D.E.R 560 [65 percent N.V. in DOMNOL 2073.5 2073.5
PMAJ (g) 2E-4M 10.7 7.00 7.00 [20 percent N. V. in

-NIEKJ (g) PROPERTIES st r,%l%al e eact ivi 170C s 210
258 258 8-ply g.ply 8. HfYe V4, ‘
pressi ng condi ti ons 90| ni ’F‘%%}a“ ﬁ ; 39%@&1&?
Y, acuum . 0 oO|N
3 AR ot S el o asl D
EPPHS‘dzﬁr S oY Ak T 3090 281 CTE 5 415
DE4IRE0 o d,ent IME MLBIE 2 < I A T so o1 s
E YN Y C4129 zr 10 470 D
N EBoats ﬁé‘% Y5508 0007 STRETL0ON-y 8L, 21| 4, 020.000
3. 9Zmodified DERVE0 25C U. LU/Tf UU/ U007 DK _S500VFZ 25T
[70 ghrodB N3L Qﬂacsw&ﬁm,%%@l‘ 010 0. 08878, ooé Dk 375-587
1GHz réhforp8516,281. O . 8 ‘ﬁ%&jz _.48 O. 0 O'%Oo;
E{G@ma’c@stAWQ(@ZB and Co atlve EX 3e vl | #0073
t hese EXzgmpbses, varyi ng R.
‘_[_@&ﬂmw di nq ttég% e pr ocec}@(gﬂdes Cr i bé 311
boripacidealwidnd2(idreem@N. 6 i uuse n Table | X] bel
the usMeQHI(aydified D - B8O 10 %ﬁgﬁge he L3146
reacti viZE¢Mdf t he varni sh apthedd remainegdgsi Ml ar.qy268
dified D E R 539 Phnngpd the
appeatRQEERPES t he
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 vacuum ON
2'p1y1 2'PIY» 2'pIY:
. nditions 90 minutes 90 minutes 90 minutes
pressing co : @190°C, @190°C, @190°C,
50 N/cm® 50 N/cm’ 50 N/cm®
LAMINATE PROPERTIES
ale yellow, ale yellow, ale yellow,
appearance l1,::':=1ns};>ea.rent I1’1'z1ns)1;arent I1,.1'3115?iuc<’:nt
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,
. diti %0 90 minutes 90 minutes
pressing conditions minutes@190°C, @190°C, @190°C,
50 N/cm? 50 N/cm’ 50 N/cm®
- LAMINATE PROPERTIES
appearance . pale yellow, pale yellow, pale yellow,
transparent transparent 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 modified according to the procedure described in Example 3
5 and used in the formulations described in Table VIII 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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| am nat e,

fromclear yellow to white opaque, due to
| arger pores or due to a higher volume fraction of
voi ds. -28 Table I X. Conparative Exanple 12A Exanpl e

12B  FORMULATI ON Exanpl e .V ercent (100 percent
(0 percent—npdified Qid f'qabkﬁﬁilg: *LO ed—b. E.("’ 5553

[»

N

D.E.R 539) D.E R

N.V. in 96.98 48. 49
50. BARMUDABOYN 77 per
[10 percent N.V. in
PM DVFI (g) 2-M 0.4

39 . D. E. R 53

“"*Eff?ﬁf!eeq

0)
NEr{ix
can

NG 5%%@8.
27 0. 465 0. 50

4 Hipk PreB@EL Nt L Wressure)

Losh 23. 2

C fﬂparative

p rgé’
ple 11B
é? ~ K80 percent
= llﬂEE@D.E.R.

560

T VEEMA 3068) DVANCL PM 2. 39 U. 41 0. 00 PROPERITES
[56 bérQKEN. ¢ Lk DO Vilty 13666.8(s) 429 2391231 flilm Tg
139 PMMERY() curia :| 10° 170C + 90' 190C C Hand Lay-Up
PreprpgrPsepperties tiime 1 n oven 180C (s) 250 ZTS,O 250
[70 patett NIV, i DOWANGES §2 84 13®.0 pregdreg appear ang¢e shiny
vel l oRM2dk® vellow |pale vellow |slightly foany foany
2- plogifiedD.BRY3602- pl y,! pressing cgnditions 90 1y nutes
[69 pereent N}V s DOWANQRUt @5 @L90- C, @ 90- C, 28@90- C, | 5020735
N/ prrovl\’;M] cn? 50 Nlcp? | AM NATH PROPERTIES pale
el | 3
Y smart p RS, oo 20%E Yol o, omnspanent 7
TPROPERTIES | - T T
stroke cure eactivity @ 170°C (s) 210 258 258
' 8-ply, 8-ply, 8-ply,
. " 90 minutes @190°C, | -0 Dinuiss 90 minutes
pressing conditions 110 vacuum, ? @190°C, @190°C,
150 N/om® no vacuurzn, no vacum?,
40 N/em 25 N/om!
LAMINATE PROPERTIES
appearance whitish whitish whitish
Tg (°C) 178 180 179
T 300 (min) 28
CTE < Tg (ppm/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

Examp les 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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D.E.R 560 was nodified according to the procedure
5 except with the conposition

‘described in the following Table X. The results of

described in Exanple 3,

nmeasur enent s carri ed out @Mgﬁ C

onposn tion are al so

A /\. au
FCRMULATI ON Exanpl o 19 ~RPAFE e Jas ’liéff‘s 1 G008 cens
(AH FORUTUATOY (50 pef et i Vel o
E.R Ll 4299 232. tLi? ml)g I BERsim R[S Reser LJ?)_QQEMSM
D.ERSB0IER 3P séBéééén U.in percent NY. 1 DOVA
boric [ ol ution 386g 629(*3perlent‘“?\f‘g\/. itn
MahdadEedb ER-538MKsd. O g | 20 percentﬂ“{ V Jb‘{; VHEK] 87
RROREEAINER in MEKDgE cure reactivity 17080%70 4 3%
Tabl eDXcxontion PREPREQ PROPERTI ES prepreg redi dual gel
[l0rerceh.V. ip DOWANDLEI t | vi sc2el8ty 140C 2% Paq 30 2327
m nut @MIBEEIAES + 60 minutes pressing conditigns @10C
8- pI y, nZ}MSI/acuum 3.5 N CnQO.dgAM NATE BB@DERTI ES ¢.504
20 ¥.ipMePHRGE) Tgl 183 5 T.300 20 mindtes CTE <
T SQDQWAKNOE‘ITM(gLTn 240l M K 288 onsdt 3d@4lc  du pe90
7.6 NPRAPERIES4 ratingl V-0 Dk 1MHg 25C 3.53 | Df 1VHz
stroke cHre'féddtivity @ 170°C (s) 229 232 231
film Tg
(curing; 10' @ 170°C+90' @ 190°C) (°C) 139 137 137
Hand Lay-Up Prepreg Properties
time in oven @ 180°C (s) 250 250 250
residual gel time (s) 82 84 89
. pale yellow, pale yellow,
prepreg appearance shiny yollow slightly foamy foamy
2-ply, 2-ply, 2-ply,
. nditions 90 minutes 90 minutes 90 minutes
pressing condiio @190°C, @190°C, @190°C,
j 50 N/cm?® 50 N/cm? 50 N/cm?
LAMINATE-PROPER’I‘IES
. pale yellow, very pale
appearance yellow, transparent translucent yellow, opaque
Example 13

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

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
[50 percent N.V. in DOWANOL PMA/MEK] -~ 8
E.R.L. 4299 2328¢g
modified D.E.R. 560 described in Example 3 2600.0
[65 percent N.V. in DOWANOL PMA] V8
boric acid solution 38.6
[20 percent N.V. in methanol] ©8
2E-4M1 9.0
[20 percent N.V. in MEK] Ve
PROPERTIES
stroke cure reactivity @ 170°C 272 s
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15

Dk 100MHz 25C 3.45 Df 100MHz 25C 0.007 Dk 500M& 25C
3.41 Df 500MHz 25C 0.007 Dk 1GHz 25C 3.40 Df 1GHz
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PETTENT AR FIGHI2Ed | cation o1 PPNL/ was 5340 per cent,

1GERZ59eer cent

and 1

0 percent ¢.a07 Exanpl e

I5A, EXanpl € 15B, Exanple 15C and Exanple 15D,

respectively,

"—l"ETt but yl
wer e
a perlo

reacfOk, dduippes

as shown in Table Xl

Ex ggll t4| ons of BPN17 were

di car bonat e and di met hyl

cor Hgireﬁ%ed J Lo

tyithid hﬂlaclﬁhfeﬂlfdﬁﬁféﬁtaﬁd &ﬂﬁaﬁhg‘rﬁbm,l and fitted with a N inlet

ani nopyrldl ne were introduced i nto the 10 _reacto

and #f additien funpel. 11235 iGrems of BAWANDI BMb et

and $}0 et B0 A0 e bl
0°ct1 Ol fer cdiRplkRatilufion, WA solititn Warkoslddedowr o2 5PEr il 3615 Girams of di-
time. The sol utions were transparent.

B@H\Aﬁm’w@ﬂe EnhPpB & of Simethd minonyzrns;
portlons geer a penod of 2 hours. Foaming occurred after multiple charges of di-tert-butyl

charg

.u

B §P %‘S’crgéi

bel ow. The

ed into the reactor and
am nopyri di ne
v

S o piga 08 0Bt

7e-8aRf
R

‘;%g :agdéggfhe solution in 4

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).
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10

15

reaction tenperature 35 35 20 - 30 35 C BPN17 [50
percent 3293.0 592.6 459.8 320.2 solids] DI BOC [80
percent 198.2 67.3 261.0 363.5 solids in toluene]

DVAP. 0.44 0.15 1.17 0.81 PROPERTIES percent
M&L&%ﬂw #on of the phenolic groups 5.3 10 50 100

(cal cul atqedg% (percenb& 15 Exanpl es [ 16A-16D and .

Conpar aMogifigdbispheaolrA phenol npwelae sqlwiaons Ve prepared ia a glass

C ti. . ' + .
reactf ASRES bR ahiP sHiref dhiy & HULHINACNE! g R itPa N il
and arpdildetiofl funndia he péickntagefmbdificativind FBIN EhwheS. Bpergeht; 10

Conparative FORMILATI ON 16A 16B 16C 16D Exanpl e VI 1|
percentetpanend pnd1 O persent i finaerle 75AEwamnle 5B Eramemly 15C and

31 1.66.21.10 21 10 bor | ' i
Exarigle ISR FesBioten; i bohln ThuteckHRih STRE ARl N Pere
char%éﬂ) inPEPME fréRetbr BRAEL tetsbutyl ticdrbsifatd shdldmbthyBardfhopyrdine were
.10 0 Exanple 15C 58 percent solids] BPN17 sol ution
incof@rated intm thessohitigns in(pogtiys over 2 periad &ff h.oFqaming ppguroedadter the

2850 B BT o

reactot! AfiePald oftheti-Yert-Butyiidarbbhate #id cﬁﬁi&l%l&nin Hine were
PROPERTI ES stroke cure reactivity 170C (s 5 204 241

incogpbrated into fliel reaciprp thersalution fvag stirred fas @n extra ébaqtﬁe No foaming was
.opal.esgent, . r, fi.ne clear, a lot of bubbles al npost
noti R AL 58 betisdaiamic, Th sofHiRTs ert GbPRent 60 1 mut oo

thick foam Table XI.
FORMULATION Example 15A Example 15B Example 15C Example 15D
reaction temperature i}
©0) 35 35 20-30 35
BPNL7 [50 percent 3203.0 592.6 459.8 3202
solids] (g)
DIBOC [80 percent 363.5
solids in toliene] (g) 198.2 67.3 261.0 .
DMAP (g) 0.44 0.15 1.17 0.81
PROPERTIES
percent modification of
the phenolic groups 53 - 10 _ 50 100
(calculated) (percent) '

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 XII.

Table XII.
Comparative
Example |Example | Example | Example
FORMULATION 16A 168 16C 16D Example VIII
(reference)
E-BPAPN solution [')’9'6 percentsolids] | 3y 66 | 3166 | 2110 | 2110 21.10
(& . . .
boric acid solution [20 percent solids in 123 123 0.82 0.82 0.82
methanol] (g) ) ) ) )
modified BPN17 as described in
. . . . 0
Fxample 15C [58 percent solids) &) | &7 | 828 221 1.10
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-phenyl imidazole solution {20 percent
solids] (g) 0.38 0.38 0.25 0.25 0.25
DOWANOL PM (g) 9.50 8.20 4.95 4.78 4.60
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10

190C bubbl es bubbles This Exanple illustrates that
the final norphol ogy of the epoxy matrix varies wth
the concentration of thernolabile groups. 5 Exanples

17A-17D and Conparati ve, Egia | X I'n these Exanpl es,
. i i i GHOLPS—WeL-6-
—va#wenﬁ-&t—b S

used W@pare the formll ati ons|as descrl bed ip the

strbl@lchre vdaétiyityl @D70eC ¢§) 1] | . 12§ab1 e %04 1. | Exaqapl § Exanpl & 259
filnxappiaraacefanialiedile: v ¢ Fxt'jmp e |178Meat,/B| 17C

10 hiEDteE @ M Cer 9n)ﬁinuteef@‘°§“§%g Ea &MPN g Egesec nalfa@Boc5 | Bldarfd bubble
31. 66 @B 21,10 1 “ds’ Horbbbbleaci d

$0

solution [20 percent solids in nethanol] 1.23 1.23

"0.82 0.82 0.82 nodified BPNL7 as described in Exanple

150 [ 58 s Emnplmll@trasasﬂ&tthﬂnai micgpllogsoeftbe epayy matrix varies
BPN17_sol uﬁl on%% ent 0 9.58 10.22 11.50 12 78

|°82°e?§

8060 6.60 2-Phl solution
0. 60 solids DOWANCL

appear ance [cure schedul e 30 m nut es opal escent
cl ear, arthesgExamplesovagious eoncgniraions of theomolghidogoupswere used

o ot B8 e T et BB LR B0 20,

t he final rmrphology of t gl y matrix varies wth
ig 1,

tiop-of ther i gr-oups—A-conp isan -
LS RIANTL, {3 shste it S
| ogy & Hoxyi7at rfi x waries wrbh § pe
N P Lﬁe s reference)
L I UI I CUIT Ao C CurtT Il
%ﬁc‘;ﬂ@fﬁfﬂwy% Exaﬁmlﬁe 18 amd6 Conpat.a i vie Extnple X1.10
boric acid solution [20
percent solids in methanol] 1.23 1.23 0.82 0.82 0.82
(z)
modified BPN17 as described :
in Example 15C [58 percent 16.57 8.28 221 1.10 0
solids] (g)
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-Phl solution [20-percent _
solids] (z) 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 mimtes 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

In these Exanpl es,

fornul ati ons as described in the

followng Table XIV were conpared. 5 Table Xl V.

Conpar ative

FORMULATI ON Exanpl e X Exanple 18

(reference) E-BPAPN solution 79.6 percent solids]
248.0 248.0 nodified BPNL7 as described in Exanple 15B
[58 129.9 percent solidsl (g) BPN17 solution 50

ExaBpl< P indSO00m
percent soll

ShtivSBx#mdlBRA 77.4 77.4 2-M solution 20
S } acetone 30.2 50.7

(0 .
ppoar and e e gy Gnfifubld vt T Ve Tebleav

weratompiredo 60 m nutes 1900C bubbl es clear very fine

bubbles filmT (mdpoint): Tgl

|'s scan /T

2 scan) C

195.7/205.5 198.7/213. 7 FaasRre. 19 A nodifi ed

pbrom nated epoxy resin solutlon

gl ass rexORMULATMN pped with a
and a heating jacket; and fitte

e gRakpeSl
H Wigefaromce2 |

Ina oL

bt i I 'ERdraple 18
nlet 10

an B-BPAPK @élttioh (19.6fpeitdnedolids1 GB 1. 9

ans24eb DOM

NOL Pb4s.o

andifiet HPN1 1 asiefibed @ Exampl: BEBRS58 56
react or__amperedntwolidsbiglit i on_was he

wer e char g4
At ed _t o _90C.

bd 1 nt o, the
After(l)299

N waslsfdol ed

down to

y| _di @4 bonat

e 77.4

ol ueBé8y and

11 4 &.76f

ja dine sol ution

(5 p&kcent

sol i d$0in

MEK) were ZBOBERHIES t he sol ution| drop-wise o
perloqu@cgcé% ATtTer plT ofjgfghe
filed appefahce Pike)sthedlild: § (@ 13950+ 0| N§1EaR emostEoNPP

we?% inc%&;@dgdoajo the reabtor pubblae s ol| §leRIFRY figgsbubbles
fisid Tg (aDboin)f Tl {1 ")/ Pe2(BUgcard (°CPOLC.  NG. 7120851 N Wa998.7/213.7
noticed after this period of tine: The theoretical

epoxy equi val ent wei ght of the resultant product was
Exatiflle 1Hased on solids). Exanpl es 20A- 20E and
Conpar ative Exanple XI 20 An epoxy resin sol ution was

prepared, b endi n 0 of D E.R. 330, 392 0

b £ R b oG broBhstaf ey et Hion Vi PR h £5 L glass
readtor Bguipped? Witk a MedHEni 4l shife: Eﬁ@%ﬂeatﬁh?&ﬂtef; Qid Rte@WithiaQ, inlet

were wei ghed in glass bott [ es. Magnefic-stirrers were
andginzadditionrfunted 11&-%6@%@' BQWAN@HM'&M@JV@@ solid D.E.R.
5 GOCvgenr'é o alu'lggéj in%ct) th%zrec:%ictog| ah rﬂ?eos% 1t1tleonav5]a(1js ﬁjela ttcr)] ¥>b°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

er a

175
rdrne

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-20E and Comparative Example XI

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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10

am nopyridine were incorporated into the solution over
a period of 30 mnutes. The table bel ow describes the
conmpositions used. The solutions were stirred for 24 h

botffs 8630 ShpeSheprt W o BteRl 32 {BicadpufE g ety
amibopyridifdwetel ifidbrplrateg irfto thawlktion0de k Peflod dB0 minutes. The table

tenperature at 1 w percent |oss was neasured b

belav, dpsesibes tapicamppgitionsripd.sThe fofutigus were skiaerLior 34 hre22°C. After
. sha bp_the. f ' T XV. Tabl A i
isHIH o B ity B BRLIAu LR & 7t el 2 AR, Sl very
visdéiﬁ@ﬂghiﬂskfdere? tatstd. € 20D 20E reference Epoxy
Bl end solution [70.4 percent solids] 28.4 28.4 28.4

28. 4 28. ' r.t - ' 3 .
23 2o T EpbarnhOat wt perc bR diepre b Wi Blnavimetry

analysi3{TGAYE tTihg restt8 &re shown én thedoHowing/TaBle XVper cent 0. 76
0.66 0.91 1.04 1.28 solids in Ml C PROPERTI ES

percent nodification of tirgblgecegndary 0 50.8 44.6'

FORGIULAPION eNExable 31 Jf S| b&HEpl p Bxampe o EReple
(cal cul at ed) | t esfmeacatiur €%t 1 ht| pef®enf 04

4

6I. I ©9. 9 B6| GompadeqXy] Or OUps (cal ful at ed percent)
|°§§B ‘

Ffiok@ B@3d sblflonl D2 134 neasuredjby TGA IC 10 Exanpl e 20C
[T pesintdolidilng he28i ng t 38.490C. TRBMS Loul&H bg deB4t¢o 284
|_react®@ve mujtifunctilonal nollecules foning flromthe
)tioh product] redPased during the
di-tert-amyl 223 ‘
dicarbonate (g) ’
diallyl pyrocarbonate
&
diethyl pyrocarbonate
(&)
dimethyl
" pyroarcbonate (g)°
DMAP [5 percent
solids in MEK] (g)
PROPERTIES
percent modification
of the secondary
hydroxy! groups
(calculated) (percent)
weight percent of
grafted carbonate 0 5 5 5 5 5
(calculated)
temperature at 1
weight percent loss
measured by TGA 204 176 93 110 102 134
)

231

230

235

0.76 0.66 0.91 1.04 1.28

0 50.8 446 61.1 69.9 86.4

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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cl eavage of the thernol abile group. -34 Exanples 21A
and 21B In these Exanples, the fornul ations, as
described in the table below, were prepared; and the
properties of the prepregs and | am nates prepared
therefromwere 5 neasured. The results are shown in
the following Table XVI. Table XVI. FORMJLATI ON

ExaapREPIA 2adA1Bxanple 21B D.E. N. 438 solution [85
percent soli1ds] 34.16 1373.5 nodified epoxy resin

sol uti oy, H@@E@%gfg, %é%gﬁ%ggé%% gggTsZﬁbﬁD e 281 B, were

[ 50 percent so ution [50 percent
prepared; aksd the pdcpefties bbthieqprepreghs @ lamimtes pPéparedrthensfrom were

solids] 1.39 52.2 2E-4 ol.utjio percent solidsl
me ‘g?d-o’.fia@reml.twe showa @.tbg//%%%mtﬁia@ 5.9 PROPERTI ES

stroke cure gel tinme 130C (s) 365 265 filmT

(midpoint): T gl |' scanTavleX¥Ean) C 183 4/184 7

187. 4/ 185 FORMURAPI®EG PROPERTI EY prisprnicplAes) duFkanpld21B
UTTHE.N/43% solntion {85 perfthésBiidsP(g]™ T ML TTB{4l46 V1 SC|E§' LYy 13Aa8L
mbdiidd epoxy oY fro le19(gyY [CONUl37l99NS nut e3sd670 '
CTTATHERT 7 sdhition Eoﬁ%ts%g%%l E PRUERI4glge appear ance
93535 SolutibY3d s ] le donft): 1857181 [ I gl1644.5
SCabbric Acid solutibhye@percent Solids1%e)M N AT TT3x Tg MK 58520 TE
> T JELARI Soltion [ 20 PerfnEsSBdd] @) COOKel T esb.ed 120 M nut em.62
@200 20s soMeRlg100 percent = 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 kef/em’
LAMINATE PROPERTIES
appearance opalescent
laminate Tg (mid point):
Tg1 (1 scan) T2 (2 scan) (°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 pas s/lvggtg' e;(i::;:up _
dip @260°C) 0.34 percent
UL 94 rating V-0 (sum = 7s)
Dk @ 1MHz 25°C 4.52
Df @ 1MHz 25°C 0.012
Dk @ 100MHz 25°C 4.36
Df @ 100MHz 25°C 0.012
Dk @ 1GHz 25°C 4.22
Df @ 1GHz 25°C 0.012

Examples 22A-22D

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

measured. The results are shown in the following Table XVII.
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dip @60C) pass/water
(sunme 7s)

rating V-0

pi ck-up 0.34 percent-
Dk 1MHz 25C 4.52 Df 1MHz 25C

UL 94

0.012 Dk 100MHz 25C 4.36 Df 100MHz 25C 0.012 Dk 1GHz

25C 4. 22 Df 1GHz

25C 0.

Shible

npl es 22A-22D In these

§°° f-orp-ati-ot oS eserbet—r—the—tabte
bel ow, vverF oared, and the properties of the
_pr em.EBSseamthtibaith pateetsolbsepar ed It heref r o3t e

e aDENM38 Jdheion E8S pértept salids] Shown

in the fdR8&A& ng Tabhl e

modiédIRPN1 Bds ddseditied inPyhrhplo 1 SACFN\AdtcAT |

1420 7

D_E

ON D. E. R854 sol ution
438 sol utl cm 185

e acidyo!

Exanpl e 1D8W.

70 _percent soblidds]

%&mm%m_u_ed
LEMAont 1801 4 g

5

| BPN17 as 5%28cribed in
solids bQ:,?Lgig(;_eu;i-el—T

sol ution [20 E’ém

ke cur SROLRRY 1y 1

troke cur &RP Tlﬁ%ll 170C 266

ent solids] 52.

ent

NAL

P g DOWAGIRMA 102. 9

i el wnth\nnL DROPERTLEC
TUT

™t

T L TTCAT

s filmTg md oint

N LINTT L

T

T (1 Saak durbedctdig @AT10°084. 3/ 183.

5C  PREPREG6 PROPERTI ES

ERa Rl (@id poAY): X B(IP boan) g (fflseanP 2 C

anpl el18427183.3

PREBRE(EQKGI&RII'IBSaI (Fdmpild 228 |6 OExafipl6 0 | GBample’ZPC §)mmple 22D
prepreg mninmumtelt 11.5[11 2B11, 9% -11. 5 vjscosity
fir& €3 résidnal el ime ssi ng d®ndi t)i ons$0190¢ f or6090 1 POC f88r
190@I76IC @0 140Clfor 10 i nutes 90 miputesl
[ArSpreE aningum mMelts 115 11.5 115 ‘11.5 ’
viscosity @140°C (Pa.s)

pressing conditions 190°C for 90 190°C for | 190°C for 90 | 140°C for 10
minutes, 90 minutes, minutes, minutes @ 0.5
0.5 kgflcm® 1 kgflem? 2 kef/em? kgf/em* +
190°C for 90
minutes @ 5
_kgflom
LAMINATE PROPERTIES
appearance opalescent opalescent clear opagque
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 (ppnv/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 4.37 4.71 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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0.5 kgf/cn2 1 kgf/cnm2 2 kgf/cnm2 kgf/cm + 190C for 90
a mnutes 5 k cm LAM HATE PROPERTI ES appear ance
opal escent opal escent cl ear opaclue thickness (cn
1.55.1.66 1.49 1.44 lamnate Tg (md point): Tdgl
Example 2335 181/180 184/184 188/188 (1st scan /T (2nd
scan CT 300 min9 6.2 10 7.3 CTE < T 54 55 30 38

CTE > Tgy 2458 e W@Nbfeghf
UL 94 ratlﬁlngﬂ(/eﬁg &E?Igh p}%zsure coo lgrﬁséest oe&%%Zglass ]
botthee qulct:/ppzeglﬁﬂ; ?gr;gacaﬁc stidter., pkﬁ Oé}:'am& OﬁZ-wﬁ?&-é:meﬂlylnunwole solution
| wat er, r _pass
(20 pws@rs .solgffss@ Emy’aﬁ e elags S ttle; d % 43,g of di-
tet Sl B Q%%*ggolﬁlﬁﬂn (RO perBi Sl it est“%a?%o*%%d ato the
solutidoh @ﬁﬁi—wih@ Qvered peﬂdd dﬂﬂhﬁmtesﬁattzmm tﬁbhmmg@hﬁﬁﬁeﬂ@snng the

. solder dip pass /water. pass /water pass
incop@BiTyn ¢ cﬁﬁer@ﬁuefl dicarhoppte= Afiee pll gf the -t%bwﬁ dicabonatg had been

inc i 8 R 1 e 0 ol hor et e R 15" 28] g wes

notidediatter Blis pAHIGBf t&hE: ThOdctutiborOdkds Rardpdrelds 1GHz 25C 4. 16
4.55 4.34 Df 1Gl19z 250C 0.015 0 015 0.013 -36 Exme

10  ExampfesTAd. ﬁ4fe§1d2C§ﬁlgiﬁlat1% ERidiles XaLgtpg Ol € sol ution vas
prepared In a , equipped with a nmagnetic

15

1 b o B i
preped Baditherpropeeties me&ufndt dré shovaninl Pables XJVET ardi XEX below.

tert-butyl dicarbonate solution (80 percent solids in
tol uene) was incorporated into the

Table XVIIL
Comparative
Example Example Example | Example
FORMULATION Example XII 24A 24B 24C 24D
D.ER. 592-A80 solution {80 i ,
percent solids] (g) 60.44 { 60.00 60.00 60.00 60.00
DICY solution [10 percent o 15
solids] (z) 1547 15.36 15.36 15.36 36
2E-4MI solution [20 percent
solids] (¢) 0.484
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 conceritration
(percent, based on solids) 0.19 0.19 0.37 0.74 0.92
2E-4MI1 concentration
(percent, based on solids) 0.19 0.10 0.19 0.39 0.48
PROPERTIES
stroke cure g‘;i)ﬁme @170°C 309 675 565 371 322
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sol ution drop-w se over a period of 5 mnutes, at 20C
Foam ng 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 at 20C
No foamng was noticed aFable XIXi < period of tinmp The

soI trans frative 1 (B es$ ﬁPﬁ‘Pg‘iyeanj
F@mm m qul ] n%ﬂc u\unp.)gg,, hEaxmle 24F

parati he
I}%Rnsﬁ?' ‘j‘z ion (80" ljes canitped in thestabl e basizow, were 3627

)4+IA nnnnnn

Lo nRaallr o " n
LAY L LI lJI UlJCI L9} Cu meocAaoul © ar e QD I'TU 1 LILI

’?5%(“8@}%‘] \HYReresMy [ X et ow. |Tabte Xvl11. €awparalive9.2s

. 1 )\allpl C© LAdI }jl C FONVIULATIT UN XA |5
2“%3%5{ YHEHAD M4s3R 592- ABO Sl uti BAS[80 0. 44
‘ Anoep 60. 00— pgrcent sof T dsi—(g) DIy
ﬁ.gggympm;; R&fcent 15.47 15. 36145. 6 15. 36 15.B6 .19
sol i dglids M sof ution [20|percent 0.484 solids]
rTmJWAmL - sjoT utpom Tram Exgnpl ¢ 23 128 per ¢ent 1.18
iod. 1 63 solids][ DOMNOL|PMVA 0.69 0.Y6
Qpe?cﬁnt&a&ﬁoﬁ)soﬁ&) clat al 3¢ concentsmti ¢n 0. 890 0. 19{0. 30.18
0.74 (eét) (percent based on solids) {2E-4Ml
C GEdbMitongdnirgion0. 19 0. 10 0.19 0.39 0.48 (percent|based
dpercsns] Hiagpd pn IMYPERT| ESO3%t r ole cUP®e gé¢l ti RO @70€C 30910
675 _5&srca)] 3292 15 -37 Tahle XIX |EFCRMJLATI ON
ConPRPRERTIES Exanp| e Conpar at|i ve Exanpl e 24F Exanpl e
stroke bure feLtinae @i VD ER Z2- AB0 solutron [80]30. 16
29. 73 % 30@2? 27| per&ent dol i7FP DY sol utilon [10

sH6de GO el timo’ @200°6 1] 9. 29 9. 29 148 160
)] :

)

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 dimethy] aminopyridine (solid) were incorporated into the solution in
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solids] 2E-4MM solution [20 percent 0.483 0.15.
solids] nodified 2E-4ML sol ution from Exanple 23 [ 28
percent 1.619 0.19 solidsl (g) DOMNOL PVA 0.70 0.10

5 pdibfts dvet & nsiB4 BEYR 50 SRRk, GRBESPhappRRSs Surty the
incOrporatioh bali-eft-Hutdrdiciibonalka SAfteOdll §iotettdutyl GickPodhatibhas been

. 0.10 0.10 (percent) PROPERTIES stroke cure gel tine
incqgparstedinto the Betble, the solutine wagstirmgé fort 1iShat 2070 No feamieg was

e A T T L

| at ent/ bl ocked catal yst. At tenperature |ower than the

unbTee@ai@n-Keppkevisdosity of XZR92933i vdseld 68:16d9tydmd4héEhibn-Fenske
. imdazole solution from Exazi;)l e 23, shows no
viseosity pf theanodified XZ592535 avagdOhl ¢$wer catal ytic activity
than 2-ethyl-4-nmethyl inidazole. Wen the tenperature
r eaches This Bxamplecshiowy that nappiag theephenblegrowpsadfithé phenol novolac
activjt f. the nodified 2: ethy]-4-pethyl, imdazole
resi8 it feppbutyl aﬁ%@r@mfgﬂq ¥ 5eduges tg spRiipRyIseosifyprobably
gadi Jei 5 @ﬂqin' 5 hyl im dazole solution from
bw%n%:lgsg%%@rgﬁg@v\g a n%%ftﬁ%'he same catalytic efficiency
Ex Hﬁgzg- ethyl -4-nmethyl imdazole at a tenperature
mgrer. than the unbl ocking tenperature. Exanple 25 A
nodi fi ed,phenal . noval ac,sol ution . prepared in a
gl ass boftpatiied Bromnged groxy repi solpligh ates reparedin A gass bottle,
. o e 5 a i i .
i R i
solytion (G0 ascehitolide in DEIVANOLoPMA)\Wwdsareighekinrthenglass bottle. 10.6
nodi fi.ed, w a stochi tric amount of di-tert-b I
Grefiof didbub (Rubodie st uhoh (GO sniits 1 ohipRe) 8 0343 gof
i opFtidirRT(SoHy ke A PREPInT fielsHiutiBh it fétions over a period
percent solids in "toluene) and 0.38 g of dinethyl
of Emnimmtes; atB5I€ undet stiingieFeaming bappenead duringthe in¢ogporation of di-
tert‘f'l?ult}L'Jltdjgar}bcl)nnate_. 3:gﬂer all of the di-tert-butyl dicarbonate was incorporated into the

solution, the solution was stirred for 48 h at 25°C. No foaming was noticed after this period

of time. The solution was transparent, with a low viscosity.

The Cannon-Fenske viscosity of D.E.R. 560 brominated epoxy resin solution
was 262.3 cSt; and the Cannon-Fenske viscosity of the modified D.E.R. 560 brominated

epoxy resin solution was 198.0 cSt.

This Example shows that capping the secondary hydroxyl groups of the
brominated epoxy resin solution with tert-butyl carbonate groups reduces the solution
viscosity, probably because of less hydrogen bonding effect.

Example 27

To perform the modification in this Example, a 12 L round bottomed flask
with a 5-neck fitted lid and equipped with a condenser, mechanical stirrer, Nj inlet, addition
funnel and thermocouple was used. An 80 percent solids solution of D.E.R. 592 (10 k:g,
dark brown solution) was charged into the flask followed by the addition of acetone (589 g)
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5 portions over a period of |h, at 20C while stirring.
Foam ng happened during the incorporation of
di -tert-butyl dicarbonate. After all di-tert-butyl

o SRR OB s ESAEPEERIL R o i s

then\dlded 1dQhé FeRBtod bh® thelsbiutioR Vak Beat&d tol407E. ﬁi_ili_%tt@@ hmtriopridine
e .

was transparent, with a |low viscosity. 5

(0.48 g, wihite eystallive solid)owistdjssolvedin g25@E and eddedaion-wistto the

sotufi5h BeSad i Bracsdded fver R b pno & e Mo amoung of
foankifg iR ctdd! QRS 11 addRonRPARBIPIGY théSolufi@Bwhs sMrfeld for an

tert-butyl carbonate group drastically reduces the ]
additional Bihoarsy i Atcthe beginnipg obthid time peried, ¢he solutionswastiadk brgam in

bong] effect.. 10, Exanpl e 26 di fied brom nated
cotop i lcteith babples s Arcqamedare pa PuPIF et o bo t 1 e,
equi Eged with a magnetic stirrer. 139.3 G ans of
Ex s R8A brom nated epoxy resin solution (70
percent solids in DOMNOL PMA) was wei ghed in the
gl ass bdn these Ex@mples, thexfogmulations, asdescibed,in the tablethstow,avere

sol.ut | 80 percent solids in.toluengl, an 3 g of
orepgisdiend B pippelie romsven airctoeBis dbiRE Rk AROSREAAYE
into the solution in portigns_over a period of 15
mnutes, at 25C under sti¥ $142- Eqgani ng happened
duri ng the FORNVBEHAN| on of di- tert-butyl
| Hoderiel PHIE 562 sofdtibrds desbribedin Exanple@y - (| €F T - DUTY] 7
di car bonat g7§\eceht3slAEPOr at ed i nto |t he sol ut P?frﬁ t he
S ol ut X@R2588 Solttlon [S0@ercdnfdoliddB h at 25C. No foasBpg was
not | C ®ekicakid edlutioh (28 pRednt ®ikis] of ti nd. The sol uéi.on was
transparent, wicktbnea | ow vi scosity.] 20 The 80g
Cannon- Fenske 284Miosi ty of D.E.R [|560 brom pajgd epoxy
resin solutfil®percepisalidslo? 3 cSt - and the Cannon-Fenske
viscosity of PROPERFBSi fied D.E.R 560 broninated epoxy

ST SQLJE bl reliamity @ B50eC CoL .11 § EXanpl € Spgaes that
CAPPI NGrepRRE regiBiaPiiEhe@IMe OXyl grqups of thesgls
brom nat ed €poxy resin solution Wth tert-butyl

carbonat e groups reduces ution 25 viscosity,
S baondina. of f

Wal ot

Exanpl e 27 Iigxagg}eﬂg,ém t I8 Bi dat PGAPIEASS j|s Example 28D
Exanple, a [2 1boxcaetnd hotisede 1651 dsk 150aCEda 150 J- NSOIC for 15
fi ttedndlu.i d fnd miguié¢spped mimids +390°0 dexrses + 1998C H aminge - 190°C
PSETEFEr, “Re| i nl w0 psiaddi|t foo?0 mifwesnell fourRQ otittes,jc P minutes,
s0)60@si sollutiodSed D B R 3Nes
LOMRNATE3O ¢lar k brown gol ution s charged into the
m&] ovwed by the additi nn) nfwa J

t Qppaahge t horsmiaddlen |vi SEMRAY D heml byl Provad
i t

(189 7 o dnl nClol Ve 1il~ni AN wunc tlhaon 01°udy
\w 7 =T \—a—a—aan Vet TITTCTT

o o)

Hﬂﬂ%‘ Tg n‘tha reactor ard the sol utlion was heatled to -
e y t£_| ani nopyr i|di nes71¢D. 48 g, VUMig0e 174/179
SEp s’if I} sol i d) was |[di ssol ved ijn acet one arld added
d“{‘%(’)&&ﬁ)ﬁ tp tirc L.aui lTLi’U!I. I.-f'-ile :%T(I OTyproc eded 5
T&:\Sibzfgtwosy Ot e Ctr1Te [QeErT U%OZL 0) U(,ejsoge alrgurnt %Bl
CTE < Tg (ppu/°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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5 foamng in the reactor. After the addition was
conplete, the solution was stirred for an additional
3 hours. At the beginning of this tine period t he

DG 100NIRZRPET _dar Kag0l OV 11T 3 pt orammd figged v th—5 ¢
DREABINGS, 25°€ | CONPY.GIL I ON| 1O HFPDLES TETH gIed: r:)(arrprote:r
°fi | NESeq xanpll€s, ggg T ormut atyAns, as 3.75

86 cl N tNhegdAabl e[Del Ogips Werg 10 ggiepar gd;  and:

the prgopertl es neasured are shown 1 n lapl s XX and XX

Examplesd9AR29E e XX. FORMULATI ON nodified D E. R 592
sol ution as described in Exanple 27 7055 g [76
per cent Indhésd Exampks3he f(mmlutions; aSdesnribed ot the ddhilelbdlow, were

643 b‘grr C ggﬁg soI ut i %sior@dn&&gng 161. 7

PRCPERTI ES stroke cure reactivity 150C 265 s re
residual gel time 170C gilablePKile xx| _ Exanpl e 28A

Exanpl e 28BFERMEBABIONSC Exanpl e 28D 190C for 90 150C

Tubdified D E-R U972 Ediition 2t ddseribed nPample 2701 €551 Ng_condr 11 0Ms

m nut es, M AYbasentsoldld@OC M nutes + {190C nmi nut™@& & 190C

100 psi T oicYpoRetediseids T or 90 m nutes, Tor 18495

m nut es, 20 [PEpercdirsdidd) 30 psi  [LAM NATE PR@:E@&I ES

appear ance. PROPERTESA Cl ear br own and br own and cToudy
—bt-eovw—ah ety —etotieh Farrat |9 (ln ¢ B t}‘i TglL

AN ok dure teackivity %7

= - U _Sre {egfesllauaLgF?HIpe O AR n 1 W VaVe e VaVa) r {I ‘\Jr\ I

LDU III LI y J [JET CCIIL VWL | oS VWUZL OUZ OoUL ©
Example Example Example Example
2915 2913p 29(? és;u;@p Example 20E
130°C for
o . 130°C for 15
6?;;’5:: 175°.C for lf_ T,;?:gs 175°C for minutes +
pressing conditions 100 psi * 1 60 minutes, for 60 60 minutes, | 175°C for 60
: : 60 psi . 45 psi minutes,
minutes, X
60 psi 30 psi
LAMINATE
PROPERTIES
llow and llow and llow and llow and llow and
appearance 7 clear ¥ clear 7 clear 7 clear 7 clear
laminate Tg (mid
s 154155 | 156155 | 152155 | 159/159
(WY)]

T 260 (minutes) 7 7 4 6
T4,5 pezg(e:r)xt 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 5.97 6.36

UL 94 rating V-0 V-0 V-0 V-0
Dk @ 1MHz 25°C 4.5 434 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

-41-



10

15

20

- Exd

CTE< T mC 26 42 65 CTE > Tg m C 307 328 332 Cu eel
b/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 1M1z 25C 0.01 0.01
.01 -40 Dk 100MHz 25C -4.38 3.97. - 3.88 3.86
MHz 25C 0.01 0.01 0.01 0.01 Dk 1GHz 25C 4. 47

3.86 3.74 3.7 1G4z 25C Q.02 0.01 0.01 0.01 )
Exanpl esﬁzgﬁ&g%g@h qﬂ%@i"%ﬂlﬁﬂ PEXY F95i SoBHion asipsepared ina 1 L
' | N . . Or -edy <and .
lafrofas htippd ik Bhck i HElrph and ¥ et HAREE B SR8 witn o s
inleTabd en Xddition REREII3ABSI6@ansb D). ER [BEOER0IUGOR [4Dpétté@ NV in

DOS’?W%&%E@E@,& 7 7455 g 76 percent solids]

g seastorangithg tempgrafure Mas controlled
bergigl

. LYt QC
g2c. TRRCTRUERCRH B! i 180
in tehuane]| abd BENPbLdiethiyparainoyaridine saRton PAYpestdat RO A NPEK] were
QC for '130C for, 15 175C for_175C for 15 m nutes

1
addfg gron-wise i thaselution oyeraspgriod ofPhinurs. oFeamsne asqvired durigg the

g5 MO A o S o AP0 e
terttbig1 NiEdarb d2Atdind ditaéthyledrhigop priding Metedivicarpokated!ihtoth@slution, the

yel |l ow and yel | ow and )
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).

o

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 XXTII.

FORMULATION " “ | ‘Comparative Example XV Example 31
XZ-92567.01 [65 percent NV] 543.1g 19942 g
XZ7-92568.01 I50 percent NV] 6934g 23514 g

modified epoxy resin described in Example 30 ' 254.1
[40 percent NV] 8
DOWANOL PMA 384¢ 1224 ¢
2E4MI 140 g 520
[20 percent N.V. in DOWANOL PMA] V8
PREPREG PROPERTIES
prepreg residual gel time @170°C 77 s 72s
prepreg minimum melt viscosity @140°C 492 Pa.s 410 Pa.s
ine conditions 190°C for 90 minutes, 10 190°C for 90 minutes,
pressing con keflom® 10 kgf/cm®
LAMINATE PROPERTIES
appearance opaque, homogeneous _opaque, homogeneous
laminate Tg measured by DMTA @10Hz 195°C 194°C
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appearance clear clear clear clear clear Ilamnate Tg
(md point): Tgl (1" 154/155 156/ 155 152/ 155 159/ 159
_scan)ITgZ (2 scan) T 260 minutes 77 46 Td, 5

C’@O;e% tp W’m- Jlﬂbi ‘d,laé/@ater

2 2-0:30 percent
ANy V-0 Y VUV-J > =,

11 Df 1|sz 25C 0. p1 0.01-%. 01
14 7 %% 08 3.96 Df [UONFE
Dk 1GHz 25C 4.36 4. 09 40494

. (v 1ol ]01 0. @83@t 0.01|5 - 410 KI/m?
‘——E’xdnpl g 3U A m)ol tHed hrgh Torecutar wel ght epoxy

resin solution was prepared in a 1 L glass reactor,

The dislédike constantDR offthehmnoparbuslaiinaté of the ExampkeAl was reduced by
jacket; and fitted with a N2 inlet and an addition
7.5 Beneané pompared p the AAB-DEFouS Gorparasiyo Exs@ipla K oy i the same matrix

comags[g‘@?:gtex%é %&Wﬂ%ﬁ@ m’%ﬁ;\?rlgsg,n &5 Fg’a@ %@o Ii'&ﬁ‘lced by 18

percéBiC DedgitSfie naddpdréusStriomre fthéllwmbﬁﬁﬂtaltuﬂnﬂl thel sdlderhenabﬂce
solution [80 percent NV in toluene]_ and 5.32
remaiped-unghangad; Hﬁwtrm energyselgasedateGuooffbe eetmpor@us/ lamwate of the

b G AR AL
aiipfPXNOKiHh the3afib nihitrik e6rhpdyition, m@aﬂhmﬂémrmdmve The fan-
d| met hyl am nopyri di ne, After all of the.d

shaneérepomfrwmwgmwféh@ Examplei JhdsoaHizegil) btfslmt%iw@l%‘?fefmaﬂon

of i Gepsd Bt BBl AR5 Wpnid R bRy ey Eibory, e

nandvAdSEA RD4s en H? didpeterssfor catksoxressing thelreditis avthebitack front
was 4179 (based on solids). The nodi fied D.E. R 669E
linesifithe payes ms eegvates Respite the highsx faughness, the glass Fawitiong

ol 55 1S TS f bt
epoghﬂlhgl&ﬁ* nhagtifitetieie MThe dverage pors didiﬁléierm‘ﬁpearattﬂbé dtwut 100 nm,

nnon- Fenske vi scosity at 25C of the nodif]
¥han 200 nm. Because of the dilstortlon Ef tﬁe sample,

rangigg from less than 30 nm to less
precise analysis of the pores size was not performed on the SEM picture.
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solution [40.4 percent N.V.] was 743 cSt. Exanple 31
and Conparative Exanple XV In this Exanple, the
formul ation, as described in the table below, was 20

WH@r §§P?IP he properties neasured are shown in

gﬁﬁgﬁ ﬁgngML Table XXI'l11. FORMJULATI ON
Conpar at,i ve anpl e anmple 31 XZ- . .65 .
per cent 1N\/I 3?@?&%&2%%0%5%%&%% Fgéﬁ{lgﬁ%’fhe steps of.
693.4 2351.4 nogified 0 resjn described in Ex | e
50° 254 195 (ETOIE PEOA DRUAOTSHARGFENIE R, 3 5Ot
2E-OM 1.40 wol-—d {va NEh : .
PREPREG PR@%&?T%%%V?E’? eg o B9 drodn’ act oM Nk anic resin
72s  prepreg withha sompomid contaiming tHeym@bbidCerbdP; Pa. s 410
Pa.s pressing conditions 190C for 90 mi nutes, 10 190C
for 90 npyut §srepdfingd chehpssitios By bleti¥ARE offRaREESh ontaining

appear ance opadque, honbgeneous opaque, honbgeneous

| ami nate Tg rthersnlehiletgyoupmsmvith gipast @ swingagent; 4pdhi gh
pressure cooker test (120 m nutes 100 percent

pass/ wat(ey pithérmally@epradimgrihe thermélabilegroufPfrafied on the organic
sol der dip 60C up = 0.27 rcent pick-up,= 0.30

percent DK n@%&P@H”@P@%QEaP&@gR%?‘@éﬁPStF%%i n 3.78

3.50 content, 7628-type E-glass) Df neasured fu)l.OOI\/Hz

(43 percknt rBas process oy €laimdowhereindhe eybstratgiga lapiaate.

| ass strain energy release rate, G. 0.83 KJ/m1.10

KJ/ n2 The di eTlecprocess ofGhimrit wikreinfthe brzaniziresin issedected from the

| am nate of the Exa e 31 was reduced b 7. ercent
Erow FRRAUAS 05 SR TR PURISS T B B e P R
- & éifide (FA%Zi0 € i i
poljchfer PR, P thit rofiBfBRRAIiRIe EHARR Lokl PARARGIR Hains, viny!

estap e¢shesn hydroemsiport resinkcand amiapuve of therebf.uct ure, the wat er
upt ake and the sol der resistance

4. The process of Claim 1 wherein the organic resin is an epoxy resin.

5. The process of Claim 1 wherein the organic resin is a brominated
€poxy resin.

6. The process of Claim 1 wherein thé organic resin is a phosphorus-
containing epoxy resin.

7. Thg process of Claim 1 wherein the organic resin is an epoxy resin

with an epoxy equivalent weight higher than 500.

8. 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.

9. 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.

10.  The process of Claim 1 wherein the compound containing the

thermolabile group is tert-butyl dicarbonate.
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remai ned unchanged. The strain energy release rate Gk

of the nanoporous |amnate of the Exanple 31 was

i ncreased by over 32 percent conpared to the

non- por Qus v, : : .

matri x gg’mgg???g%§se§%§ﬁt%§eﬁ§¥%\é o?%ﬁé&g%}?ﬁ%%s a
carbdhte.f an- shaped epoxy fracture regions of the Exanple

31 (see Figure 1) indicate ductile deformation 10 of

the epoxy reghg pidceés SfREULRR S wiktrbil IHOtheRAS1ablSHbBY isltert-butyl

be bound by any theory, the nanovoids can act as
carbemate.gy di spersers for cracks by increasing the radius

at the crack front 1Iline, if the pores size is

adequat g3, DeqmhetpeodessoftClaine wikieinnkstherthélabild @oap is present in

transition tenperature remai ned unchanged. Sub-m cron
the eomposigiondn ar amourtsuch fhat therweight peseant ph lakifsogroups in the

hi gh i fi i 0N T , . di X
v 0 i 3 0yt Y S8 By 90 S S BURER b o otas
30 tq,l t han 200 f the distorti
of the JAnp! dhe Biteess O Him Lierae %l eBr g si ze was
not performed on the SEM picture.. -43 WHAT | S CLAI MED
I'S: 1. ASproddspresss oflidpig 14 whereip dheipivent;isa ketene, an acetate of
ghmﬁfagﬁgéiggﬁ ;Sﬂ&&gﬂ§ of: (a) grafting onto a backbone

c resin, a thernolabile finctionality by

reacting hydrggen acti rqups, of. the organic resin 5

W ih & Aot ety ERgR ST Brin R TS e o an hmoun
of fRLERYut 1PpatBaBest 40 phtsPy bl ending the organic resin

containing thernol abil e groups with at |east a curing

agent ; d ( r-adi t j

e e b e s i L e
the organiy eesibanththe composndseontdiniigehe therrdolabibegoumcess of

Caim1 wherein the substrate is a lamnate. 3. The

process 18f CHiePrdcesh 6f Eiaimt ITewkereiathe catalgitis disethyl

selected fromthe group consisting of epoxy resins,

& resins, polyimde resins, polyam de resins,

pol yester resins, polyether resins, bisnaleimde

t ri azi nd9% esiThe progess af €laimt lewhereini the reavtion/betweern the organic

.resins, hydrocarhban, resips ,mxture.of thereof. 15
resi o e COPORL CORLAEin it BRI BROHE 1S9t & SRBRFHforecof from
abofi M PP Ybs@Ssbc. 5. The process of Claim1 wherein the

organic resin s a bromnated epoxy resin. 6. The

process Cal f Rt | 3G i Dk .

phospho rilgé - c@%e{gaﬁ%%%gg g? g})%?f@é@?ﬁﬁwﬂﬂﬁgﬂ%rl %gg g%mpound
to thd vachish 10 [bwak tHealicletttie consg@aits.c resin i s an epoxy resin

wi th an epoxy equival ent wei ght hi gher than 500. 8.

The procgss ofhdprdtess bf Chemel 0 whéteinlthéliHeeRoplastici compound is

group is selected fromthe group consisting of

polypliendene ¢thempolyphaniylene oxideyeir allylated pelyphsnplene ethen. des,

| act ans,
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car bamat es, pyrroles, nercaptans, im dazoles,

guani di ne and m xtures thereof. 25 9. The process of

Caim1 wherein the conmpound containing the

thernol abile group is selected fromthe group

consi sting of dicarbonates, derivatives of

di car bo es, ,carbazates, deri.vatives.of carbazates,

and ni xt#fres £F QF53BIC Te3ig COPRASfion, cUIPHIYAE: o 4i m 1

wherei n the conmpound containing the thernolabile

group i s(@ er t2RTSPVC S bonate. -44 11. The process

of Caiml wherein the thernolabile group is a

car bonat@®) 12a compousg sontaining a tiemmolabilegronp; andt he

thernol abile group is tert-butyl carbonate. 5 13. The

process @) C eptionillyvnscleent. t he t hernol abile group is

present in the conposition in an anount such that the

wei ght  pgg, centhédonigtaitionl cF@ilhith 20 FHESI the biRnic4Rsin iSselected

is between about 0.01 weight percent and about 10 )
fromdhegroup eensisting ol gpaxy tesins; phendlic resins, phimidexssins, polyamide

Claim21 including.,.a solvept. 15..The process of aim __ .
resig, HobisPi HSinfeP U oty Dismelifiids Hafng e, &/opite Sy resns,
ingll 8fe? restisl By drokbd rébins, hd niRhPS6S thdRof, The process of

Cl aim 14 wherein the solvent is present in an anount

of from g@pout Tﬂ@g%&gﬁ&g&ﬁﬁ%ﬂ 2@?2?%2{ t‘ﬁ? 8#5%633&“ is selected

process of daim ng a ca

fromdhe groap condistingof a bheminapd epoxy wsinna phakphoms-contaitinmglepoxy
containing . the thernol abil roup. .15 18. The pr.ocess

resigy arreROXyTesn wfbraeienwfmmw?@%yﬁgm élt-’gwg@a yP0, and mixture thereof.
am nopyridyne. 19. The process of Claim1l wherein the
react i on2het wekscanpostapanfiCaim 2% whergindthe Hrermolabde grpup is a

‘%on aining the thernol abile group is done at a
car ‘Q‘?&erature of from about 15C to about 45C. 20 20.

{ner opl 26t 1 o TRGHRRRRTHOR ClHeh S PAFEH 06 Chempglabi group s tet

- but§l @lkatd ¢ constants. 21. The process of Caim 20

Wherein the thernoplastic conmpound is pol yphenyl ene

et her, P%ygg';?ﬂé%&yosmndﬁ‘d% 9 {hkRbEe RARABRBRY LFRS is

et her. ganic resin composition

present i arsamount sGeh) thatthe weginht percestiof thefinplabile growps ircthe resin
containing a_thernolabile group;,and 5. (c) optignally .
composiiapds from about 0.01 weight percent to about 70 weight percent, based on solids.

28.  The composition of Claim 22 wherein the solvent is a ketone, an

acetate of glycol ethers or mixtures thereof.

29.  The composition of Claim 22 wherein the solvent is present in an
amount of from about 10 parts to about 60 parts.

30. A varnish prepared by blending the composition of Claim 22 with
desired additives including a curing ag'ent.

31. A fiber reinforced composite article comprising a matrix, including

an organic resin composition according to Claim 22.

32.  The fiber reinforced composite article of Claim 31, whichis a

laminate or a prepreg for an electric circuit.
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23. The conposition of C aim 22 wherein the organic
resin is selected fromthe group consisting of epoxy
resins, phenolic resins, polimde resins, polyam de

resins, | yegt e esi.ns ol yether resins,, . .

bi smal ei Ti'de ?‘P@e; i %“Fcé‘étFﬁE‘,PXE?Pé Y188 88 (plating cnating of the
orgithiB Yésire 8dripositfs tRordbpto @ALPIN resins, and mxture of

thereof. 10 24. The conposition of Caim22 wherein

the organic resin is selected fromthe group _ .

consi sti 4 of Acproeesapfiproducinpazgatedaitile, gomprising coating the article

.bhosphor us-.cont ai,ni 0 resin n e .esi n
witlfdf prRic sy aCedttine ¥ Tt 22, apd Bonting Bhe cdaler ahigie e the
orghieliire t hereof. 25. The conposition of C aim 22

wherein the thernolabile group is a carbonate. 15 26.

The conposition of Caim?22 wherein the thernolabile

group i s3%.er t Theprogessod (Baimeidwherein tire articlamis agnetaldiailof

Caim22 wherein the thernolabile group is present in

an armu_ngasuclf.hé Elac}ceéstb? wﬂ&re&etpé ni)eftaltfgﬁ Eg‘%&%?lﬂl foil or an

groups inthe reSin conposition I's Tromabou : :
alui@h foiper cent to about 70 wei ght percent, based on

solids. 20 28. The conposition of Claim 22 wherein the
solvent is a ketone, an _acetate of glycol ethers or

i xt ur es3{-her AJITEPISg COMBESIBE posi ti on of C ai m 22

wherein the solvent is present in an anount of from

about 10.Rart mﬁtﬁ parts. 30. A varnish

‘pr epar ed(agy b?gtnogfﬁg t ’eﬁcaon'posi tion of Cdaim22 with

25 desired additives including a curing agent. 31. A

fi ber re(®f or emdrganivesin tempesditiar &f ClaimRlsi ng a

matrix, including an organic resin conposition

accor di ngst 0 ﬁ]ai m %2. 32..The fiber reinforced

conposi t 8%art SN which is a laninate or

a prepreg for an electric circuit. -46 33. An electric

circuit ghnponeibstatdinclgdiap ah dfganitiresig compbsition of Cldi 22, and

organi c resin conposition according to Caim32. 34. A

process qf producing a coated article, conprising

coating {He apdaver eg mﬁxaf spased pp ahleast ope syrfageof saud sybstrate.
to Caim?22, and heating the coated article to cure

the 5 orggnic i . j .

wher ei n tg %e a@?g@@%gc%@ﬁ%ﬁﬁ t%%gg%ﬁgﬁ‘rﬁ%eéscgmpnses 2
reinfbreementiofIbwoder glass fabric, wherein theiokgansc wesinand arhafdenkr are
iml%ggxg}%(le &b&gggvgh!glasgﬁbné prepreg conprising: 10 (a) a

40. A printed wiring board (PWB) made of the laminate of Claim 38.

41.  An organic resin solution of Claim 22 with a reduced viscosity by at

least 20 percent compared to the non-modified organic resin solution.
42. A lighf weight coinposite made of Claim 31.

43.  Ablocked curing agent made of Claim 22 where the reactive groups
are capped with the thermolabile groups.

44, A latent catalyst made of Claim 22 where the reactive groups are
capped with the thermolabile groups.
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(b) an organic resin conposition of Claim?22. 38. A
| am nate conprising: (a) a substrate including an
organic resin conposition of Claim22, and (b) a

| ayer ofjznet [ : .
said su gét r a?&é S ﬁi’i%g %@gg'r(ﬁ%ﬁtglr(n!r%g? %VS%?EE%E‘? %P@:gorghc resin and a
blockivatiag agértof Sldigi43at e further conprises a

rei nforcenent of a woven glass fabric, wherein the

or gani c 46esi NARbfbafichédin! 18fiorR6 £Clak 2R WB4t Hitesiuees refidtive by-

woven gl ass fabric. 40. A printed wWring board (PWB)
produgticonaonehts duzimig ithe deaypgedizheatlzgmolabile grovpsr gani ¢

resin solution of aim22 wth a reduced viscosity by

at 20 Wgast Aforpaniceedtin campositich dcsotdimg tocCiaimw 80 hawidg an
., organic_resin solution. 42. A |light weight conposit )
impRRYEA toWEhrHOhablEast 20 DeiceRi dr reRIeReom arfionfherifigd organic

. L] t j . . with
resifpGhRetion PRRS/ BniBR6d bl MR MIBEARAGE 00 o

A aim 22 _wherg the reactive groups e a with ..

Che. ¢ heAfiol ablieotgm ot SoppbyieR pr i £7wERRR Be thdposition
funm%m%ﬁbemﬁérem‘ﬁﬁéﬂe%% &h {5 or6fia Rsin &t Kurddifdr are

bl ock™curing agent of aim43. 46. An organic resin
impeaghated into dlie fiberiremfkcantent. i nt r oduces reactive by-

product conponents during the cleavage of the

thernol abil e groups. 5 47. An organic resin

conposition according to Caim30 having an inproved

toughness of at |east 20 percent or greater conpared

to a non-nodified organic’ resin conposition wthout a

compound contai ning a thernol abile group. 48. The

organi c resin conposition of Caim47 wherein the

conposition further conprises fiber reinforcenent,

wherein the organic resin and a hardener are 10
i npregnated into the fiber reinforcenent. -48
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