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WO 2004/ 113427 PCT/ US2004/ 015772 NANOPOROUS LAM NATES
Field of the Invention The present invention rel ates

W eooa/1pietess for preparing nanoporous subst rBCEES2004/015772
such as electrical |lamnates having a | ow dielectric

constant. 5 BackgrgaNbOPORDUS LANBRATES It is known to

make el ectrical |am nates and other conposites from a

Fle{dg}rtgyﬁweﬁtgdnnforcenrent and an organic matrix resin
==suctt as _an epoxy-containing matri X. Exanpl es of

sui t abl rocesses usua onta n

Stepor (LR mEn st Ftelatrig ofestu RLel Rt dbpprons
subkt@ates) kudh R cRBhla thrrindtes h@nilé)a RWwhEbleatie cbiistirdl | 1 ng,

dlpplng, sprayi ng, other known technlques and/ or

AR éﬂtgl%heof The substrate is typically a
ven fiber mat containing, for instance,

IgISass S i& gse%ﬂ%“%l;wﬁ@%i%re' ec(rg%al Iaﬁ‘qlé%pgggirn?%%gmﬁgg? ! %‘fa fibrous

reirffBrcemeny £k fan D8saedvhatrix r%élﬁ SEHOYan e?bﬂ%b@tMMgaﬂﬁnx Examples of
m&elonallyto partially cure the 5 epoxy
sui

mwseensuaélacpmatn@néollqmnwﬁm ed substrate can be
handl ed easily. The "B staging"” step is usually
carried @y tt\re&poay—bemtpmlirg formulafiod isappBaiiof or im;ﬁégrmtud into, a
[ drom1l mnute to 15 m, nutes

for ti
substisse By rolllee pmiat SRginEh aiher Igtogyr iR GodPn pbingtions thereof.
[ e7atgsngatat
Th&%%’%ﬁ%e?s OB Hoyerl ACnpSRe] Bty Sphithy TR, glass
fibdraor papees. 20 (3) One or nore sheets of prepreg are
stacked or laid up in alternating |ayers wth one or

nor e she@) Theimpregpatel Silbisitte i tRBElapdd” BURALIAG atCORP@Erature
foil, if an electrical lanminate is desired. (4

suffieieet-to gravnh ediselvantan sheensay formutatign and pptipnaliyite p)alﬁlélly cure the

f
epcRl Tl ficy fo Pat i oo fdbhiced y ol S DY Faldilh LS D TR0B-
stagih@Pstéis uddallysdadiddyord at eAHRE€ 08 BEm?APC, to@2nd°C sndTﬁﬁia time of
often between 165C and 190 The | am nation step

from| lsmiriwe oakSrhisgtesuThe impigenased subsisate thag sesults f;em %§taamg is
calish s e b TRE TRy R S Korbli A0t BB A 130°C o

200%€t foESBctEal WhiHdteand 500 N cnR. The | am nation step is
usually carried out for atime of froml mnute to

200 mnu f

i nut eo. Cgomer mote Shect St Halk AR, Al termating layers

with ane benhoreudheetts ofia gtusductieematesibl) sech efswnppemfonl,sf an eln@swal
(such 1 WO 2004/ 113427 PCT/ US2004/ 015772

Janming ?i%ﬁa}éﬁ%‘{” am nation processes) or for longer tines

at |ower tenperatures (such as_ in |ow energ%/@fres
pr ocessetd) Thepaid-snshests anerpsessessatibighgmpsisfuse prd pregyure for a time

sufﬁcqutqo Surethé f Rxee{ndcfloﬁg allgﬁ}na@ The r'}@Xperaturc—: 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/cm” 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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be post-treated by heating for a tinme at high

tenperature and anbi ent pressure. The 5 tenperature of
weomtAtxeat nent is usually between 120C and 25BCX/U310e4/015772

post-treatnment tine usually is between 30 m nutes and
corkubaslagninatidd podesRB) ort foLTo g tirhéieat %v?éi‘ttémﬁé}btures (such as in low

| am nates industry reqwres rmterlals W th |rrproved
enGYRBPRESY PLogessesdper ti es i ncl udi ng | ower dielectric

constant (Dk) and loss factor (Df); superior thermal

pr oper t i Eptionalyy therrgsultinghlagiigses fblreﬁdaﬁ'ipld amopmmﬁdahmﬁrmte may
Tg), a deconposi ti o t enper at ure and good
be ﬁ?sgé@é’%gm%ewg A dmsrah b%h tRPeIgtvse m&f q%lagntrme%%&he
te ‘FﬁulteQ)f Bé’t-t}é%trhém iOYha é{;ﬁ?tq)egﬁ £50°0 dhd 505! #b pggt-treatment
l'ectric l'am nates ma rom epoxy-contai ni ng
tmxemspaiblrsbem&en A6 midutegand fDhowexanpl e, by addi ng
various thernopl astic additives, such as pol yphenyl ene

oxi de ( PP&} currd®tepd 6fthe %r&trﬁiammﬁd?é%ﬁhdusﬁg radulidek Mshials with
pol y (ghenyl ene ether (APPE), to the epoxy 15 containi ng

imprege dl@ls’n’fm&rgpe@twps ineluding l(li@&‘>¢rrde¢le€ttnc penstand €DIg) andloss factor (Df);
s A b T LB RE b i rRRT el ey

dedd@fpokitioh dérhperattife (TISE] ;G8digh6d ptReRtsiar e nodified
organi c resins, such as epoxy-containing resins, wth

t her nol aﬁeﬁ@oigfeo‘éﬁ'f’ot{s‘?nét ?d% abe%%@?gog@ngﬁgﬁbme dielectric

upon curing. Sunmary o e Invent resent
conistanéof ¢lectrica la:lnme‘(es endde from gpoag-esstamfingmkinregngpositions including,

f"r%? noglo @ﬁ&#’é‘é ‘Eéli%é‘ﬁ M@Pﬁ%&‘%bﬁfgkﬁa masggélﬁ?;wme%muée (PPO),
Pl RE Bt 1678, Sl th S 068 RSP RS,

cotttieingobsib compgpitharp; and then thermal |y degr adl ng the
t hernol abil e groups 25 grafted on the organic resin,

such t hatt isdaaed BPpovRle Bid pathwayPlogBdice #he dolebtric constant of
nanopores provide a |ow dielectric constant because

ele@rlcalrl@mmates prage diom prganigeesingm doreqartimutprlynd is desired to prepare

ol Ga SRy BAT AT i or o Sing, E e SR g o tead

to ABPROLOMArRROWYorPaRRG. el ectrical |am nates by
nodi fyi ng the epoxy resin backbone with a 30

Su&ﬂﬁ:@;ﬁ@[ﬂv@nﬁé@ul@ through the reaction of the
— hydroxyl groups of the epoxy resin, and then by
t her mal | *hggllgg&q rﬁ%n{l&?lstdﬁ‘: t@ﬁ ltoa ? %es%r gﬁ%{lrﬁg 3 jgnoporous matrix

Advant ageou g nanoporous et BEXFT e

in a20ddétiidad mna@w \dediRd 6Rd A H2gani GEkiA DackBdAS adhdrMiWlabile
diel ectric constant (Dk) because of the nanopores

fungfienpkify by veacting thahydragen anﬁlére gm@é gﬁtheforgaﬂ@ qsslesw;ﬂt a compound

cor R BB e, AR SRS REIE i e o

grafcedn eﬂmeaﬁgaxac £R1, Ewdhl Bt a&iah@p&ﬁu%ﬁ@ﬂ% 9ﬁ¥m@dc IS8 nanopores
porosity; and a st andar d processability o

P mma“l wedielsctre rerfstans beganips offhe it preniiin themagopages andstha lowest
d1else§ cnclog aﬁet %rra?rn m croscopy (SEM inage show ng the

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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| am nar fracture surface (resin-rich area) of a
nanopor ous epoxy-based electrical lamnate. Detailed
w®emanipei on of the Preferred Enbodi ments GenePEl/Ug2004/015772
the process of the present invention includes, as a
. . r .
e Ry T b RS et Mt matrix.
Thesproéass pbihelyirésengineention stsogsotidesghafdllomtieg bénefitsn b abidporous

ro ont o backbone of the or [ i.n by th »
mafa i & ool eH SN DERO AR ReAgraLivd S ARTRgI o close
por8Hig B WsthRddel ?g%gaﬁg%ﬂtﬁtgfahdﬁatgf oups of the organic

resin. In a se st ep, thernol abil e groups are
. .ecting the 15 nodified organic resin

by és@H ngfﬁ]%i%ﬁénper ature, typically tenperatures of
from about 0C to aboyt 220C, to th .|y degrade, .
the ¢ her BP0l 158 G eleghTRapterarCony (S ERD st SHiRg the inter-

lam$r e Fra¥RirdSurfide (R HARaS of £ RAddpBRA iefoxy-Pask@BleB@icsl laminate.
production, heating the organic™ resin for

Det'éﬁ%f gg&%ﬁhh{f ﬁﬁﬁx‘é‘il@efgﬁgcf E%@Béﬁﬁ{épjcss typically carried
_ r— the lamnate. 20 In
o1 OB el AR B
readtB% (Bfan H2hAiCEEn RASASBydréteh Wi dIgohSSWAB (b)RAoY§HuRA containing

resins, polyether resins, bisnalernide triazine )
a themsolabile grpup.atoass és graft thethermolabilagroue gnterthe bagkhene of the organic

hydrocarbon resins, and m xture_.thereof..The hydr n
resi e gty e Ao pastEd Bl s fermplabitf Bt S4B nydrogen
actiPBeRRDs oPIRNREMhic felin0l S, hydroxyls or al cohol s,

am des, |actans, carbamates, 25 pyrroles, nercaptans,

i m dazol gs | O j :

the. pr esint L AHP Bl ARk, BRI Abfbing the
modilfied wbdanid lesingo awpifickent feemperatire sypiosidyt enmechtiresof from about

erivatives, a carbazate and its dg{a& atives, nd

d . an
12051 pbews 228 URd8 theswmelly degrerla the thepn & gioHB yhich in turn produces

f, airni abil.g: .
e
residlifot theiméiabile Goupl dedidaion istypidhlty bartiedyutaiuainp threspressing step of

di et hél pyrocar bonat e, di nmethyl dicarbonate, dibenzyl
the dgrainpi§onat e, tert- but yl carbazate and m xtures

thereof. The tert-butyl carbonate -3 WO 2004/ 113427
PCT/ US20busr@lestpdimentt of thel patsiehicingerdiop, the organic resin may be

advant ageousl y. stabl e. t o .many..nucl eophil es and is no
seldi ) BB T TR Ou B b LR S Banor i s, Polvester
resﬁ@,?d%etﬁér%@éf&g bR mIBedrif5h&HeSing AYahdté 898 r8dind) Winyl ester resins,

thernmolysis. I'n one particular exanple of the present

hydrocaghn esins,epdnyixtuesibasof ochhehydrogenBhichiyeigronyd cagrbssglected from,
or phenol.ic resins _can be adyant ously.used . as th
for JpsiAer e Bheols dugls 5WY%<§§%>§°§r @%ﬁé&ﬁ?ﬁ}mﬂivecafeﬂaﬂm"e&

| A try and epoxy resins
,pyr%dgg‘sé gdego fedriS imid B3] 8 %fgiubf.ﬁQ%x%

d Pprocessabi | i -tert-butyl dicarbonate

can be CAMRMEISaRELoARe bSedHHNHRLATR om qundcontaining a

gr oup- cont al ni ng conpoun ause I't 1s conmerci
theihGlabitdgroup Mmdydbegalivbonasandlits detieatpressecurbazateant iitsderivatives,

the initial unnodified epoxy resin _used nmay be a&}/ ..
and other compounds containing tert-butyl carbonate. Examples 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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10 known epoxy resin chosen for its expected

performance, for exanple, brom nated or brom ne-free
wae@adaxel? or hi gh Tg standard, or | ow Dk standee™usaed4/015772

the like. The thernolabile groups (also called

thenﬁ(ﬂ%ﬂergoﬁig RHIVIntBERusly @ﬂ‘a’f)@% ﬁﬂmﬂl lﬂﬁcl%lﬁﬁhés Qﬁ’(ﬂ’sbf%ﬂ Bydrolyzed

hrough  the reaction with hydr oxyl  groups
undq:nblastic ehditmisybut 8t mayabd @Sdﬂ! clamctﬂdemier mishanidia comditions or by
th Durin% pol ymeri zation, thernolabile groups degrade,
€ g to gas generation 15 which, in turn, produce
voids in_the polynerized epoxy resin matri x. Because
the foanityRie pagiisiariexanaple of theyprefent inuention; epoxy despisaptaining

ydﬁggﬁ &Huﬁs of Eﬁen%h@#s}éﬂg cﬁlg?e é@%ﬂ g&&L gnusgg Ia% Iﬁgan ‘fgpﬂérésﬁl because

€poRY Iﬁesg’[s&ﬁ‘é edddlpasedrig tlaxﬁétﬂﬁcal Bsninateciadsstopuamdcpoxy tesins offer good

voi ds _in_the epoxy matrix are smaller (for, ex
prowéahyl.l%maléﬁrtzwtw Hicarbppaty sanhs cenigatdy viedgs ﬂ@gﬁmolabﬂe

grog]ggo itainl gﬁ%?@;?oﬁ(ﬁﬁ %eﬁu&&ﬁq% Jolﬂj:méf@ﬂllg %ﬁlabi@lﬁé&%@%ﬁﬂ%ys

I ves erna tance

nmechani ¢ inte r|t reas the

decr ease ﬁ’tthg Eﬁs 18n éﬂ%‘é‘?‘ﬁaﬁi’“ﬁbéﬁ% P??&'ﬁeﬁmugv&? ﬁ%’e any
lmcﬁ&r?@o&%l ¢a¥in LRJEER ?drfié exp&ted ﬁﬁﬁﬁh&e 28 ’é%lﬁﬂ)lleybrommated or

| am nat es having a Dk neasured at of less than 5

broménye-free stadand nebigh Agatandard, ordawidk etgnmid ppdthe libe. The

theffRRPHE o i AlsS AL T e 28 g reied of Lifceptry Bidkbone
thrdtigh e RAbtor WiE tH 1B ArokyP %ro mm&ﬁﬁ@m‘é},hﬂ@@tabldht af®ient

enmbodi ment of the presén i hvention, an e OXy resinis
tempemtire.d Duding @olymerizationg ﬂleapo]abﬂ@gr@upwd;ergra ev\leadmg to gas generation

GBS, SO\ BT 8 LOEEID SILE BLBUR K LIS e oming
ageﬁié ﬁ?l‘ﬁ@&ﬂ}bﬁ’éﬁ@& b3 thd E}fox&%lé@ﬁ@ B s%at&ﬁ@él&eﬁa‘iuu&poff thé $bids is

act ed h a phenol’ ¢c” conpound
hlgh]gsmlptowg in eamparmonpo theaddition oﬁnoh graél@d fqzﬂmmng Iaants Asa

compoun Is used as a curing agent to rea an
corgerNep o g1 VPt aRe ooy sraltiy, Mk AL (CeNR e firerr of the
v019§ Y gﬁe k3L Phah DO SRB N WAL s C_P'émdf\ﬁflﬁ'ﬂ ﬁle']ﬁﬂitfate'? AriRRe¥Nnuous

resi 4 WO 2004/ 113427 PCT/ US2004/ 015772 The anount
epoxfy midiéx ghles Hidrmakyesistoneesmd niechamtal dutegrityde Fetsysten whereas the

voilesiest His (oEct G IS 10N Heclprefl dBaetes oFe
ex&éﬁegg%aﬁ'ﬁf ﬁ?ﬁhm@% haﬁﬁgﬁ'iﬁﬁm?éé%u%%% Giz ¥t 1cRah&e S'inay be

rom about percent to about
obtpined,dowevern thnninates bavdfiga Bklnyeaﬁmm&a‘ab Gtz of IQSS\Aharp‘b?.,qnﬁﬁerably

SR INGERTICN S E N LR -

obttREsonal ly, a catalyst can be added to the conposition
to accel erate the reaction between the compound

cont ai ni I

cotive  rotmaRERRE Bl e AN ol R cacted
diréty§] el 2peodtitesolvenk RAM G Eompoaha lcmztauﬁﬂgea thefrholabile group to form a

butoxy carbonylatlon of al kyl am nes at room

mogifiedepaxyresing - 25C) . I n anot her exanple, 10 di met hyl
am nopyridyne acts as a catalyst for the reaction .
bet ween hyatrotherlendpodingent of the presentlisveatidn,dhe thermeolabile group is

ﬁrqd'I geég{g (\)xiq ' e? leénofig gcr)nmi)gun ! t1:}lljernethe res&%lg (r:gatc?log pro%uct 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.

-4-



10

15

20

25

present invention include, for exanple, auxiliary
bases such as triethylam ne or N, N
waleiogopepyl et hyl ami ne. To prepare a nodifi ed PEDKF2004/015772
resin of the present invention, an epoxy resin 15
having gfe %‘éﬁﬁﬁt@tﬁ"tﬂénﬂa&%ﬁe RELisABRYK%A ShEHBaPBE weight
mol ecul e ‘and, on aver age, re than zero hydroxyl
percgniadthepmolabile groupe imafind domsdationfneagpdxsompesitioniafromeabout
selected from (1 n _.epo resin havi.ng.ap _aver f
001 epigiamtmsms nepsn) T PRDBLY M pereBHto R E R oy fpotel.
percent®b 386ut SQUtfepe?é L8 nibre gfé’féfhblg HOHPSHORED. 21V (RESENEI0 dbdht 2.5 wt
a mxture o f3 and an epoxy fesin having an average
percefit. Mheavdigia pemeatagpoiihie gompastigeabove isgutrebasad ongolids.
hydroxyl groups. 20 The exact selection of the epoxy
resin CORHOASAN, aicatatiet &mrbendded toahe thraposifi@nidedcelerate the

properties of the final products. Su,{table e %x .
reaction betweemthepomponied eantaining dhe hermalahn eeggg%prgf t eéﬁgggen active
havi an _epox» Ui val ent ' Of . .
Erouf 06 R g e b SR OP LS 1 g Etal2e e ertiary

butdx9cadSANRIiGh ofAISy1aiies Bf robRStemperdfute 624°CH, BGhotheBexample,

4,710, 429, 4,713,137, and 4, 868,059, and The Handbook
dimethylFEmingpyRElynasctbys #catalyst fanibe Keacew betwsen hylrpiy|arayps @

in 1967 by MGawH ||, New York, all -of i -
pherdle Kb EtauORgheartonaty a P paimstanie, Offer Kl Usliytin he
preseRtnb&tidA GibiaR, RRexERBEY abx§ir) baRs Eﬁtﬂﬁi%ttribﬂizlahﬁne or N,N-

present invention, may be represented by the general
diisémmopylethylgmine. - 5 WO 2004/ 113427 PCT/ US2004/ 015772

Formula I: (X)4 44 W 0 OHHC 'C\ CHOA OCH i ‘

- CHZ- O AoQrépire b niodiliéfl epaxRrasinFof théypresént invention, an epoxy resin

i ndependent|y a dival ent chem cal bfmd]@ a .di val ent th
havingan SrarpeR el BetsBa one SRorY ZEURRGT Wglecplsiang, gravergg, more than
zero%l&dg&érg glﬁbtruﬂ %ley m%[e%mejm&pbea&%{t gﬁe eﬂf{%&%«_ﬂﬂﬁ ﬁ‘fa‘?‘h_@?é])gzt?ﬂ @i (1)

carbon atonms, --S--, -S-- ,
an eﬁo?%sm-havﬁrg@aﬂveﬁlge of forg thamotte époiky giawghe penmelecily and, on
ydrogen atom or an al kyl group suStabI hmﬂgﬁ/r om1 .
average,96 of 1re hydseryl ZreHps Peielecye; @ aﬁH&é&‘e ar,epoxy resin
hydr ogen m_or ' '
s PR Ao ALy B ot Lo R By

Thex@étaeRblion 61 theepotyaresih @binpSnenaishieterminedsfronn thesintefided
hal ogenated atom such as Br or C; and nis a nu({rb?r
propastigsrofithefinal pseductsy Suitablg enoxy aesinsnist #sed heel, include, for example,
resi stance, the. . 851 h N :
ol Bl 0 o PERTRPOoddo shdfony s
are YRQAésdrded T, Fevdxathphs) LRY.ab@e Nob. 412516594, Hi611566; £pbX¥29;
groups per. nol ecule. Preferred nulti-functjonal qu)ﬂ[eville

4,71331537{;m AS68.089, aﬁl_drfheéi@detdﬁ oféwepoResiey hellde
oA 8087 BY XpdkiRb ol NEUCr AT RALER, IR Bora iRl by

novol ac’ epox
reféfe¥Cl opent adi ene phenol Novol ac epoxy resin, !

Epoxy resins, which can be used as one epoxy resin component in the present

invention, may be represented by the general Formula (I):



O

0L C—pHgf-o

10

15

20

25

30

tris(glycidyl oxyphenyl) net hane,
tetraki s(glycidyl oxyphenyl ) et hane,
wo eqoragi4gti dyl di am nodi phenyl net hane and m xt UPEBUS2004/015772
thereof. 'To prevent the resultant reaction product
fron1haV|ng hlgh Vi scosi ty,
tris(glycj phenyl ) net hane,
tetrakls(BF%@ﬁézloxyphenyl)ethane and
tetragl yci dyl di am nodi phenyl net hane are preferred. 20
I'n view of cost perfornance, a cresol - fornaldehyde
novol ac epo5m;re3| sphenol - formal dehyd¥ AK)s
epoxy I es an ph nol A])Iﬁovol ac epoX esHRy ar e ({
. clipel@ctricopy AT
glcyclo at adi € phenol nqyolac epo
preferred. 1In addition, it is preferable to use a=2
wiieteid Amﬂd:mﬂddntlﬁp) dﬁfylenmlbmlchhhﬁndga digalern \lwyalmbaebnﬂ group suitably

t dist i on, r. ex My Mh, v of
DIBATAB LD 380 10 grelpably g 0 2bgt b OB Blyfork 1 10 sbout 3
cRbi B8, 8- gaisus Sakpentsoan, beolsed odyehdd®R {shdependently a

preparati on of t he nodi fi ed organic resin of the

hmregmﬂtom avamalkd srovp sigahbbr having fpns b bsaboyt Tgarhoeitones ppeh X is
bén% gl!ltg’n £ at%fﬁl ?(gf‘%kﬁ@‘gu Jb‘tﬁ% hi\EnLEGR ] about 10,

ent nelde sol ven ot contain
phﬁdﬂﬂgﬁnmdmbmbengrmmnameﬁﬂ$ﬂwﬁmably)dxmw&nwhpmaumments
may be .conven such as, for
nifotemied S Fren s Bl B R R gAY R st R (Ve
and net hyto fLﬁﬂiQ‘iﬁﬁ)kovlé%E&@%lst&'ﬁQe AEdpdkLredin ceypEitnt used in the
et hers such as propyl ene gwyco nononet hyl . et her

P%@%ta‘!‘@memwpnsm neltbBoationshepoxy yssin/hgdng o A(s12ge p5 more
a2 o ¢ 35}%'?(&%9 P 9& fe. Siqg%ﬁéﬁ ﬁuﬁl Fctﬁ')ﬁalte?&’}ﬁﬂéﬁn%glude for

Xyl ene rocarbons;
ehahpig,mb]eﬁnhgldhhydanmm ep@tydem,ﬂlm@éomhbiebxﬂe noyelagepexy

d f
e ol R S ey g RSP P B AR es sow gy
g19c1aﬂog@ﬁaw1)haaﬁb@ I&Qraki@(g@ytgiyldxbﬁaehﬁadtﬁanen VVI th 5
ydr oxyl groups. For exanple, brom nated e resi

t%elyclégldwq#mhs@éms@a% qnd poixiyzey ¢ T grevent the resultant
r&gﬁo&)érgmc@ %ﬁqlaﬁﬂ rv?s%bﬁ@ #id c@l%eﬁyl)rﬁ&ﬁﬁae al |

conmmer cli al aval e fromT m cal Cbnpany

tms@ymﬂmmﬂw feifég‘ly@dwlqhmwgdqphmylrg@ha;@ arespreferred.
Ilzﬁ%h ?Srggsmécnu Nt Ff)%aldeﬁgﬁr}ﬁgﬂg{ g?ésfn' g enol-

ARGt st ne @Gn errvatives
fdithafditydd rfb@olb@e}fmyl refsinexﬂld disphenol Aglotrmiad: dsmxp resimeant preferred. In

AT A Lo ST b oSSl L RALLE0 B

RN REAL 1t91§‘19118fe?a'§1e35’me7a muRRERGS 8hdxy r@ﬁﬁhdvﬁ@rﬁrrfﬁv@:[ﬁlecular
Ar akawa; m xtures thereof. ExXanples of phenolic

vmt d@tribu@@l (forcexariplept Misvidnolelua of fpryshewrd)s 1P about 3.0).
bi sphenol S, tetrabromo bi sphenol A, hydroqui none,
and mi xt uPgomalyprasuitablprgeric pHemmdtanderuserd dsing Hlep preparation of

d
REROTERE BRI o BB it AbDR R AL v eoBBE R Srcsin
Shithislg enpanie dolp@iéydrsyﬂl_l hﬂléapemg& Ci_?}velﬁﬁﬁ luﬂ_lcludte_sgllgentp thasdmtot contain
t scriped in, ca
i b e ek S e
?(15 keNﬁl\éé édcﬁ as ad%tbl% 841 it Hebhé émﬂybﬁa%l’dﬂ lidobutiiEtone;

whi ch are incorporate herei n by
ap@ﬁte pé gl(ygol ethers such as propylene glycol monomethyl ether acetate (DOWANOL
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20 It is noteworthy that the organic resin shows
generally a lower viscosity in organic solvent after

wor@kfitaati on. Al though not wi shing to be bouneChySzng015772
theory, it would appear that the | ower solution

}:SESR) | LSRRE: MphhfEhydrocarbons; cycli
PN AR e s 0 e, b srcatons el
ethetd) dalojedatal lakirdcartgnsgnd ahixtunes thydoHxy|

functionalities. 25 In another specific enbodi nent for

| 11 ust r ghioge speiMomisodiR@R R 1asttidn Pugpose fiekyolabile
fully nodified to epoxy carbonate resins, for exanple

t-busoxsgathonyl srowpsanay beeerafirskgnto gn epqxydrackhene tasryeh theirpaction with

under CO2 pressur t th L OpLl at t
ol SFgSRE SRR, P PSR Rl PR AL For DR 53
EK S &108{tEorbRShdled Pok) r@RVSMcE R D BRI GIES 8l BSmARTiAlR available
used as the epoxy resin conponent to obtain modi fied

frone s Pome€herical Companyr may ho pucsestullyrroediSed Hadwsidalisplgnts
e es] vant ageously used in producing a
Suchmgﬁ)gmg)&%‘prgssi ngyst age of g | ami natge,
for exanple, at 18QC, the thernol ghile groups -7 . .
2004/ 1138 200errspeg @wﬁe_ﬁ@w@ P@@P&&%ﬂ%ﬂ@ ﬁl&ﬁ@%@vaﬁves
may)’ A Pbd InBdied qefotréin td %%&%@nﬁn@&ftﬁﬂ? ARW éx)émyésmf@oﬁlﬂf‘ercially
| am nate resutlnéln amnate wth a reduced

availlibté pledoolic retmstiade crebdistovolactbisphengl AHnopdad sueh apBPN17,
systens usj nlg the present jnyentiqgn are_not chapged PX
& enol1

compigscigtinpyaiishle feam Agekadie ARCRIXFEIeR ISFPOTy EXTPIG 041

. s | | .
cerighERR SRIRARIRAD A, iskholl, bRFHARL S, RELQIEAAGAS0L A,
hydtbguiroab] dndtryixturéetiereaf. @fhesphienglic smsthsand phenglic dadvatives

i ke. However, the dielectric constant of .th
inclpdigg dihydgec mgﬁn%hélog%naéﬁﬂéﬁx%é@ﬁgvlﬁa hebygegphenols, and

. . Ly .

rl JRARER Ol ) S5 el st A LR g T
ApplitetiGawweO epaR S sir T he AdilbbohafEymoy ResinBby Huee ek, Neville,

f.oam'.nq agent is directly grafted onto the e O{E’y .
pubisheddni1867 by MeSrayHillnNew Yok albofwhich aregncospergied hgeedy by
refe?é}lt eWel | -di spersed 10 within the | am nate. For

optTm zed processing conditions, the resulting

lam nate, s  ho s and, dependi ng on.th . .

f or mul attt Ef‘rﬂ‘)t%‘gﬁgﬁﬂgtgﬁ%m{ ?Sﬂg %’}ﬂw‘g.s%g‘f{taﬂ% 2 ?%VI&[’% Jisgosity in
orghhE BoIRENt SR A8 diRdaTHA T Lkhoudh HBEWRBFgWH b bBurid sy any theory, it

I am nate and when the pore dianeter 1s optimzed, the

would eppeae et tife lower solutionatisositsncavdd baduatodbe desnesse efithe dydrogen-
t he ne, or gani system w t hout nanopores.. . Althou
bondhss e PR ec0Hae BinE vt pheRRs BSRR e R URNgC
fundRndBiedCt as energy di sperser for cracks, by
Increasing the radius at the crack front |ine when
t he por [ i d ' I ¥gi
o ot apapdfr oM B RANAGHOR phiRE, PG Rt are
parily anfuilllyintodifiedhpabakycabstatetesingdbr &xeamyde dlyicadlopation of the epoxy
i npacted. Additional advant atf:;es for |.am nators using
grovpef enoy aesin pedey CQedrersurgrt theaDPIPEAE POPFHIMES SHe as, for

iy S IR ST ST At
usell bfthe dpaRY FaindompvaBnida bbsiminodifiet kpexyaesins sith thermolabile

generated with previously existing epoxy products,
grovPrat is, sanme requirenents for material handling, sane

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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formul ati on techni ques, and sanme production

conditions. Mreover, |amnators can use current
w@b@gs1uel nf orcenents and copper foils. The  PCT/US2004/015772

regi stration of the | am nates remains the sane. 25
degfgi‘ﬂ at@OMéme olsObreRIRIUSRESs RhitriR IR thelbkfatd

oa m ch ncorporate the nodi fi ed epoxy resins
esuh:fngtlhea lpmmwlth avaivceddicleairie opmtantp Mabt oEthe k@ﬁnrqpsréles of

T P
reac Vﬁ?gﬁ' ék%ﬁé)%%shﬁlﬁp) B PYREEASp &Rﬁhﬁﬁcé@»%ﬁﬁ%@tﬁeﬁﬁm fi8perties,

ect const ant s of the sane base
ﬂamua‘etardaaby,dhﬂlahﬂlty;@hemlcahéednmge hncbetckmgwdttye likp However, the

g e S S T
amﬁﬂ{e@ oy ﬂiegﬂesteﬂﬁn@&ﬂﬁin 112{}' ds‘l’xg)wt ﬁe 1rﬁW¥mQﬁtQ}f Rp 1800 pBRent compared

and t xyl groups of the curing
to tliegaante epGRy bystemt siithsttnanomorete ﬁﬁcaIEwdhe: foanfing agedt ip@irectly grafted

ont b D Belegs, Vi S50 oS SRR Ball i o 70 gof el dispersed

v i PRI A S i
hontbginicbud 204, d@piriﬂng?dlﬁthe cfoﬁﬁﬂatﬁ)’r’lmlnay befn@nmmnt &pg%lsceﬁt]@v opaque.
4,366, 295; and 4,389, 5 €S .0 ta .
Whenpoies, %@dﬁ‘ﬂ‘@t‘? nfi&a%ré?ﬁ‘gﬂ@gﬁwnp Hzat%’%(ffyﬁ?fr#la EV4o] ‘ﬁamet%f 1
op’ufm r{he e toh MH@ZsH e RRtfinAs & érm’e%q rrfbr(';'{?etdrl')&n pafdada e s%me organic

rary am nes such as triet am ne trlpropy am ne

systaidyittidup Handparesn e&ltmhgsmftomshmg tabd sowdad amgtheory, the nanovoids
magqﬁh g'lq; %x{ér%ﬂ@%ér&?%ér%&%sﬂ @grglﬁq?ééglgﬁadms at the crack front line when
the §5x{3¥ L '%l%g&{t% pﬁg el liS notaeﬁfj: d%mﬁé‘ hitBporous
al't s suc enz ri rre Ahmonr Um chi ori de an
strubRIRg Yhd glamdmyﬁlaﬁmmpanmxsﬂwmxmbe acgitinely fmpased.
thereof. The amount of the catalysts 10 used in the

present Ad%aBAdl ‘aﬂvzﬁﬁfg% frlaminaRecssitg GEmadafiéd @o&@ fesins of the
wei ght percent to about 2 weight percent, and

preqm’efnsela fyinyare ﬂmniaannators@am mrqd@c@ammatcﬁ withgmpmeyed dielectric
con i nﬁﬂe %ﬁﬁg g@?%n‘glﬁlhg a%qr% C ton%?l{' %gpeﬂ?s%cgteh&gted with
pre‘hbﬁél? Eil@ﬁﬁé’éb&?&a?&ﬁﬁ%; thbf s AR r8GuiFomDEs fo@ﬁfatdriﬁl Idndling, same

noditTiedwth a conpound containing a
fonnhlehmmteabmqeeSQ aedigamaprbdiration cplail‘éms M@fe@&@fala?%’@atoﬁﬁén use

resi.n conmposition of ..th n
curEB TSRO i FPEps PSR et AR iRy demains the
encl ude, for exanple, amne-curing agents such as
di cyandi am de, di ami nodi phenyl rret hane and
di am nod boards. which
hexahydr%@@pﬁﬁﬁsﬁ% %ﬁf%:}ﬂ%ﬂ{ ?3%’2@‘#& %?rcs W

incerpbiatt thd encaifed spory $es1nsmf daazprbmt inarentic2) amhha‘tqiro@cers can use
curing agents such as_phenol  novol ac resins; and

prosa'kvc;ttoar@g ity thet are MIW&PFCHQUSIXQ’éﬁflgg ERRIuStgRige fradycers can
als¢ Fﬁlﬁﬁ%?ﬁ?’ 'ﬂte %ﬂley@%g{e%s%éﬁ &{u@e ﬁfé{{/ lcA91ail0f th%%'ibl&@nc

i NC ositio rom-t beginning It
constagis oties dadicctitise mbbegiabd@pending bn thedeedloif poroaient s used
may normally range from about 0.3 to about 1.5

equi val efthe BSxyTBE YoriHokiticHs @ theredelifinvention may comprise, as an

optional component, catalysts for catalyzing the reaction of the epoxy groups of the epoxy

resin and the hydroxyl groups of the curing agent. Such catalysts are described in, for
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epoxy conponents, and preferably fromabout 0.5 to

about 1.1 equivalent per epoxy 25 equivalent of the
wepmisiaenponent s. | m dazol es can be used to pPORDSM04/015772

epoxy honopol yneri zation. Depending on the varnish

exah@@p@%' Phiehe N&s. BB0S 8*79@@4’! 113 BI3279d58eps>477 094; 305499310
obt ai ned, or a h Retwork can be formed

3 636619@4833&43 65, B;ﬂ%;ﬁdﬁyﬁs@ﬁ«s 2&71 468y 1 ah@93.880; 4,131,633; 4,132,706;
4 B P SFR apar el R 580,078 4 IR SRO R 6E 385 hed 4,389,520,

3Z'r ﬁ.egth m”@? ge?t{wﬁl?taﬁ? CHah B ARemAOlf duch Sy ieiBdazole;
2- phgg Vlglrl] a%gg éthélQﬁn%ﬁﬁYﬁn@%é%Wz@M 2 LAY Smine,

mpﬁﬁ%&dﬁ%%ﬂ/tﬂ&&maun@ phy@hbsiutseits budhrastelty/ltpipkasighosphonium
invention include, for exanple, ketanes fuch

chloade.tqthnétrmhqnylpmsn% fhyomidend ét;hy “ehosphepiya acetate; and
met han cO dgas ethylene
ann@qrgylggls gﬁgé‘%}%g&h%‘ﬁ yé?rgoyrﬁen:&ﬁ yc%]“ nononet hy|

beni%’lthﬁ{ethﬁeﬁﬁﬁlahﬁnpﬁycﬁb)kdd@ lan@ il tugesthksrbofa Sl‘hepmmyit efthe catalysts

d%chol nmonomnet hyl et her acetate; am des such
use th@pmnﬁmemamgWéa yaa@geélﬁi@m boyt §ART eveight Peivpat to about 2

as, t ol ue
wei i Gerean, LSRR ot EN OF 4 A0S SRR Bed on the
totap@aghﬂ&qh@feaéﬁ@l@[mnt i nvention, the anpunt of the
or gani ¢ sol vent enpl oyed may range from about 10 to
about  6Q, pas c1‘ﬁ€'e%5dm%ﬂgf09’ilﬁisﬁﬁﬁ&iy r&)bﬂa@ iai@atloles may be
20 to about arts by weight, based 00 parts by
panmrg’any m‘odiﬂed vauoa eorapanayd qoe@nmngla)tl@unpl@bﬂft ZIOHP torfs)rm a latent
ove storage stability, the epoxy resin
ca n‘E‘posnl ons of the present invention may conpri se a
suitabl e stabilizer. Suitable stabilizers, as use

her ei n, Thﬁkﬂpmﬁjéresuf‘é?ﬁnfébiﬁlﬁﬁloétheé?r@%‘ﬁ@?ﬁ}%?yo?%’f%e known

e B B ERRL o O PO LR SRy, sk

dlcﬁﬁaﬁﬁﬁd@ dﬁhilﬁédibl@éi@ﬁﬂﬁﬁﬁief&ﬂ dizninddiphenyisaifone; aﬂhydrldes such as
suitabl e stabillzer used in the present |nvent|on

nlmdmypbﬂmba; adydside pechsfyiene-madeic anhydride senolyragrs; imidazoles; and

B f 1
o S 0 PRl TR 3R 5i in
ageflts @dn bOadtlRA S the doRiBBitioR efifRfatelbefok cﬁhﬁngh& canbalincluded in the

amount of the conposition. As desired, the epoxy resin
compositios iftoimthe beginning ifthey erelatenty chheiasrounhgt e cBBRpRgeREs used

LN effectiv f. 0 r

1\3/; égngF%F I%nn%‘;!{; 03 tg. hl&ﬁlf &H}g{(ﬂ%ﬁnﬁﬁwo%¥/%gmvalent of the

epoi‘? e&thBo A, andp@fRibly fidieabolit 0.5 €6 absul flagjuinalent per epoxy

viscosity controller, flow nodifier, flame retardant
equmbbnnpﬁﬂ:mepexxmmﬁntm process for preparing an

electrical |amnate using an organic resin

conposi tintidazolestdar bp meskintprometespoxynhanndpolyaerization.i Pepending

%g :’fggé%htzq%gip%é]?io;;é&ﬁyp EQEWPOI&E\?}E%%&%??IX?’ gg i rfg can be obtained, or a

hybrid network can be formed between the homopolymerized epoxy and the epoxy/hardener

—

network.

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

to lower the viscosity of the above compositions. Known organic solvents can be used. The
-9-
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prepared by contacting an appropriate anmount of the
organic resin with the conpound containing the

wao bh@sirod42bi | e group, and with optional additi vBGT/US2004015772
as solvent and catalyst; and reacting the mxture to

solvaRd ubfuf i'ﬁeché’?&@éﬂt veBBbMincRide ot Sciagite, KeRnbi Qo abithee and
groups I nto the back bone of the organic resin
methyethyl ketgné;mlcaholssiigh asamethgzoliand edignod; glyeol Prhers sighap ethylene

condi.tions far the above.reaction e.sel ect t
slyophstl @her adioredont BRLiBp@olEhe: BHAERERst gthers such e

;%@&fe igtol thohbifethPEHEH @Bt aglidRY Buch N, Redinrelify1f0Ehamide;
o g on et T g ey afgidey Buck en Sdimolty gr oup |
aromitict drgarie saiménts suzhian tolTéne mdao&dnmlipgmhmwebqr@; cyclic ethers;

sual | imtedq by the thermal stability of the
and?‘ﬁ@ﬁﬁ#eéfo‘?ﬁrgéocég’r?ﬁ\éund. The reaction generally

processes around rqom tenperature (about, 2 , but

%’tgtﬁ organic solvent

can be flp&n rpdice of the Rreseabiyentcthe smopat

I
SR AR ordBEoaH B B B0 St g om son
20 tb absuta0Paits By welphitrbatdy) ort DOCaReIstby Zkight of thef abomb byoxfyrresin
about 0.2 h to about 24 h, and nore preferably from
compesitttn0. 5 h to about 12 h. In a subsequent step, the
above-nodi fied organic resin, a curing agent and
ot her déli inguoexidotape stebiditye the epexly tesingosesisioas of the present

. varnish. The varni IS .L.hen_i npre .ed into .
inver g8 ereticomprisn aputtapfstIlicin SR FagHA B st frsipg nctude,
:éngd AR edneyheh1sAF6ndi s sabPEs methyl-p-
for l510 ,lé’gln &eg?lgélgﬁéy abgﬁlto Egﬂ%@g to f)abogts 200C, for ey
toluahxasutfofeté effiyiptteluenesutfbnate agbmethylip sblorehrazeneetiémats. yA
preffg;rgén ﬁ%%%ﬁg%ﬁ@rgn gg%]t ig,téegprgge%% }ig%g%(&“,d{g% lzrp?to? béélgéuﬁ]fo%gte. The
stab?lﬁjﬁf Ha?'_tsgita{’@'y b% 36dd4A Gn ahREntesaErIh 8boul DS to Bb&I0 weight
gllass fiber,” gl ass paper, paper, and simlar organic
percnhahd atoes suitably fasm pboytd) Gytoaheut 2 weighipasgspt.drased on the total
ar ag%g_lefci bers,.and pol ytetrafl uoroethyl ene (PTFE)

amqynf, EPP$iti¢he specific enmbodi nent of the present

invention, the inppregnated substrate is dried bel ow
t he decoMpésired.dhe ervydedn 99@p%$thq$@%gmr{s$at imvention may

con ?;%{ra %Hé lgﬁ?étlv% afoUHPor oﬂ%}g:é 1 %ﬁéplg?@d I RN FoC8po%§ tekins, for

oam ng occurs ring yl ng stage,

exafiple) atrédefion héteRrsto6 pigegenty dys, filler] supfaotary] visossitytdontroller, flow
aspect. The obtai ned prepreg _is then cut into a

modifiet, flamegptaedanipnd mixtgreetherofprepreg 20 or a
plurality of cut prepregs (desired nunber, for )
exanpl e, Apraessifor pieperisg amelecttigalilamingts usingdnaypiae rest

to pressing at a. pressure of. fqgr .ex l e, from about
COW%EPP&%@qu%gﬁQ’C@EPn Wﬁ#b%%?fﬁ&ﬂg’eg‘r%f erably from

about 2 kgf/cnR2 to about, 40 kgf/cnR; at a tenperature .

of, for Inadimshiten, the ogrnipsesin omRositipnaf dhe proseyEinveHonis

erj j 0 .0
prep§ed B8 ofac o ip Sbprob e SRR Gl LARRIGHA il i Bipound
confifing fig: Fhezmolabile ghmpmidabith eptdnapadilithees psueh de solsetecdnd
and nanopores are fornmed in the lam nate. In_one

catalyorndresnting the mixtarede aodily $ag organia FesHbtodpiyedcs deufigimplabile
ddur i : . . . 7 . _
o G bR b B e st A Fhyhd et
? gﬁgte r ;to lfelaﬁ(é:t?gn’f W%éf?iﬁ%(l?réﬁé ?‘t?o%ﬁ:r%% ?}? greasefegt\é\ﬁ o insure an

efficient reaction between the compound containing the thermolabile group and the

e

Lo
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120C to about 160C, for a period of, for exanple, from
about 0.1 h to about 1 h. Then, 30 full pressure of,
wo eoo4axaepl e, from about 5 kgf/cnR to about 50P&EUSINRY15772
maybe applied at a higher tenperature of, for
d R 0 re & WAAIPHmited b
by ﬁ%’g@ﬁﬁbﬁve érb%%?egiggﬁnpq%lh ;rg%%gg%gurtgﬁgf glfag{t o ab ouytD 2 Y
the therrivall stabikityad ¢hegherswilabilecampbund) Sid reastion genesdlly pragesygy around

oo FBRBABES (Ha Lk o0 o DR R RO GG BF R DL dr-patferay
bet\%%t boli]f 5°@ ld'48But 40°€ VatRl rﬁ&ﬁgﬁéf@fbbﬁfbe‘(\%éﬁsaboﬁm%%d about

etter s ersed ores d to I"'ower
35°6} fiyerperiad of ﬁ'omeabag'go é@ame(dh) froatest 72h, préferably fretn about 0.2 h to

o S S T ey ¢

suitable electrical conductive materials include, for
exanpl e, Ind wbsaquentistepothgabeys mogidied |05gagifdigsinsa ewpigaAgent and

I
ot i PR 47 e gL e B0 RE gt
a subStrdte ofWeb. The obtaMRe imprephatedBibstiste tdricdcht fyr tdudnple, from about
organic resin varnish of the present invention. The 10

90°Gp abeirt A1ALG, amdpreferablyraboyt E@F’Gdo elsmé, 209°%&; ferrabpoyt ¢ § minute to

st a tai at ed
abolt i mitesg R St BBl ot 0§ il RE gl 3P et © Sbeain an
org arﬁmé%ﬁﬁﬁ‘a%e %CtAH lfs@d hé@ir] @eubfffle AR URludeafor keample, glass
pref erably used as copper clad | am nat es and
clothnglass-fitsey eglagsmaperephpet, raod rsxrmba@ arghwic whsteatessiueh egpolyethylene,

pol RsSTER: et AR ara et B TREF I LRERe e
not o DB ESRER Sa% %dm%% hifepreSerDebigt ot nteetled

N

CorisBguentliy| e foarmfiny dsmleay hm[ted foantihg oécussndhiring thdrdrying sbzhgeowsultlng
were as follows: 20 D.E;R 560 is a brom nated epoxy

in arnrepreg mhwlmr@@éﬁys@%fm FREENnt wei ght (EEW of 450
commercially available from The Dow Cheni cal Conpan
MEK st and@ke owamndapwyteges theh ciintedespedsire. 639 SE&@O?U{E grepreg

or a(m'gx@? ?;' nfla (i]ll? e%)s( &}c{sﬁgcgﬂurh%k gf %%%gﬁle%m ]%1% fare laminated
andasYlﬁj écf‘é@lt@ pfésﬁﬁ% Iﬂ?px@wreq{e fireRhmpleMRamaboutZSk &t cﬁ@o about 50

stands for di-fTert- bu@g di carbonate and,i s
kefleorfrandpraferablyfiain aboir ke asnf talabieut 4R kebimb a5 e deraperpigre of, for

e By P ST G B o o
0.5 @gvpigaﬁogﬁi 3 ﬁ&%g fo oltAEHAhiBtd. YDurR BiHehRdY Qe heMhethRlabile

em ca npany.
groups are degraded and nanopores are formed in the laminate.

In one embodiment, multi-stage pressing can be advantageously used during
lamination. As an illustration, a lower pressure of, for example, from about 1 kgf/em® to
about 10 kgf/om?, may be first applied at a lower temperature of, for example, from about
120°C to about 160°C, for a period of, for example, from about 0.1 h to about 1 h. Then,
full pressure of, for example, from about 5 kgf/em® to about 50 kgf/em?, 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
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-12 WO 2004/ 113427 PCT/ US2004/ 015772 DOMNCL PMA is a
propyl ene gl ycol nononethyl ether acetate,

w@eoneiaeal |y avail able from The Dow Chem cal BOnpsawg4/015772
DMF stands for dinethylformam de. MeCH stands for

. : | T 1
the FlGROIRY SRRy e a8 B R Bl (hprRa it Tor o given
voluzreneddtiph iofivaiala cinealie? thddstieedispdised. pores 1kstle)loweEDK fian bigger

stands for 2-ethyl-4-methylimdazole (20 percent N. V.
and morepgeregatedpated . 10 2- Phl stands for

2- phenyl i m dazole (20 percent N.V. in MeOH).  Boric

aci d ( H¥sodpcttigal gondnctive yeryany g formed/on the Igmingte with an

er st or.p 85. 36, 28 | nol I ‘0= .
ctec R Eeiedy o Ref BERR sIRB Abeeay podtupivd muilal
incledd otk Gl a/VBleBifical(doBMIctint mkds suehnsessie| doyd, silver, platinum and
avail able from Perstorp. 15 D.E.N. 438 is an epoxy
alunpjpyl ac (n = 3.6) (80 percent N.V. in MEK), with an
EEW of 180, commercially avail able from The Dow
Cheni calln GoothemnspecifiPRbodiphensofthe pressiyt ineentiba.angtgiofoil, such as

percent N V. i , Wwith an EEWof. 170, .. .
LA ?%&&%%P@@%WWW ok i derenhsyertionn dde

- a3 ' ' i §a d
v i 5 RS LU ISTSHNE g 02688 o
metf\bil, such ab radin cdated/copp®F6il. conmercial ly avail able from

The Dow Chem cal Conpany. XZ 92528 is a brom ne-free

epoxy I efigelécticad Bimnsifstts MNadifaétired MsKiebpibdi@Gholykan bé pieferably
an EEW of 325, commercially avail able from The

Dow
usedoiseenpoer clablaptingtes a8 -l printed £irghy beards fagelschical or
1 nhydri de co‘;'\)/gl ymer solution (50 percent. N V. in
ee‘%@ﬂé&fﬂ%ﬁ&? K), with an anhydride equival ent wei ght
(AnhEW of 393, .comercially ayailable fra ofi na.
Rl CON 13“6}9!@853%1“86%1“&“:‘1‘3’?@%5?5‘?939 et L5l it felffce to the
foll@%ﬁ%g&n@g&%ﬁl qa‘fﬁiv@ @xaﬁlg%%, Whick 9ot 818 ékfhsﬁﬁé’d\%\g limiting.

nrerci al'ly availa from Sartonmer. -13
Unle® it iBAndiPEed, Upatneds Spareby 8BIghl'A17 is a
styrene- but adi ene-nmet hyl net hacryl ate tri bl ock
pol ymer , Thecawaateiiak uyedafonihk ghémichy modifications and Forféh¢ varnish

4299 is a cycloaliphatic epoxy resin, with an EEW of
formgations in the Examples which follow were as follows:

D.E.R. 560 is a brominated epoxy resin, with an epoxy equivalent weight

(EEW) of 450, commercially available from The Dow Chemical Company.
MEK stands for methyl ethyl ketone.

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

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

DMATP 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-



commercially available from The Dow Cheni cal Conpany.

5 BPN17 is a bisphenol A phenol novolac, with a phenol
weouwisangd4ent wei ght of 120, commercial |y avai | edit/esSionoms772

Arakawa Chem cals. E-BPAPN is an epoxydi zed

bi sphen RitsID

acet one e R By BB Rlet S Cacela,
conmuerniely avedilableafrei Thb IDow ChcmiEhleC@npanyCh en ¢ aI Conpany.

10 TBBA stands for tetrabrono bisphenol-A D.E.R 330

i s a di ghiviF @idsebthdimettylfoireahidecl - A, with an EEW of

180, comercially available from The Dow Chemn cal

Company . MEbE FRand §dOmbhab1sol i d epoxy resin, with an
EEW of 550, commerci al | y avai |l abl e from The Dow

Chem ca MF
ol ut  oRICEGRBI for By BmRERN 0 Reffa AV 1 RO oL P

50/50pdr oxyl equi val ent vvei ght (OHEW of 104, commercially
avai | abl e from The Dow Chem cal Conpany. D.E R

592- AB0 3-pratddde mr@h%ﬁlyﬁﬁwol@m Pers&ilt W .VOih MBOH).
percent solids in acetone, an EEW of 360 (based

on soli I aw Dow v26h MEK
Chem ca@ol\/ﬁg{gﬁgggJ 2 %Myl%/ HIn?da% Er&% gcu I ar o
Me@ENHght di gl yci dyI et her of bi sphenol - A with an EEW
of 3245, commercially avail able from The Dow Chem cal

Conpany. 7Kgt ﬁ%ﬁﬁﬁ‘opﬁ-phélyﬁnﬁdézﬁldﬁ b @erceAN V. i1 MeOH).
sol ution, EEWo 385 commercially available from The

Dow Cheng déxg(} utl 3%&3)1 ed4s %g&%mﬁN VSifiie®mydr i de

har dener an EW 398 comerci al | y

| abl 3ol
euel | bl LEa e £ sty B shente
DOMRANENEPMR9) \Uith @mlyﬂro&!vﬂeq)nvalieﬁd wieight (EEWX aff o4 &omsermally
prepared as foll -14 WO 2004/ 113427

aVﬂﬂ@#@SEOMﬁ*O%??Z An anhydri de hardener sol ution
(AHL) was prepared in a 10 L stainless steel reactor,
equi ppedDid.Nh438 mnhpmwnﬁvoktc(nFe?ﬁ) (80 pewentddiM. mlgMEK), with an

EER G0, coppstcinlis aalatle fomeaom e%?ﬁ%lgédrggplgpgns

of solid SMA 3000 were charged into the reactor and

t he mi xt EPRNGRRH ircant epaxy @O\Qxb@ (3R percentaN. Yo iy Miike), with an EEW of
Lon... 730, gt 30MA13 was
170? ﬁ”" "ercllaé el a}l%l%l fr{%ﬁFNﬂ)g su i The

solutlon
id. After 30

I I Wwh
Ine?lﬂt Ealsnlg@g "‘I%téé ‘It#rnetg%l%‘lfqtl %X lsg‘f}IaB%S)j to cool
down to 80C and_ 974.2 grans_of an SB:XI 1A17 sg& nggm h
MEI N (15X5é)r2é@$1ts WWIVHPI flqyy mpdifier (3¢ pRIGEE AN Vnt with an
EEﬁPofUtg Oogorhﬁlxe} aql})' SAGLIKL 58k TRDow Chemical Company.

X7 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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After conplete cooling at anbient tenperature, the

resul ti ng anhydri de hardener solution 10 was turbid
waowiogitsiazhonogeneous. The theoretical anhydri deCT/US2004/015772

equi val ent wei ght was 439 (based on solids). The

propert %M ?{A]ﬁ e &PRHEbRRARIchaM ARl BfethiRfBate 881686k polymer,

using the follTow ng” testing nethdds and appar at uses:
comfreycidllyedvailable froiveAdmenent s 15 A Hewl ett Packard

Anal yzer was used to neasure Dk and Df in air, at

anbi ent HRMPAIH s heyclbakphalic bpxytresid, Wtz an BENpbE1%S,ze

was about 10 cmx 10 cmw th a thickness of about 1.5
commercigliy) availeble fiorvBmRe W Cliratien) S98920KVR)  Measur ement s

A Brucker apparatus operating at 250 MHz was used to

det er ni BPNIFHs abispha®! 2aghawviRioplact With aphynol equivalent weight of

Ther nogr gvi ne alysis (19A .A.DuPont apparatus TGA
120, ponymer yagaé{?{’iéoég%féglfﬁ%&f%c%i ght | oss of
nodi fi ed epoxy resins from anpi ent tenperature .
300C. (B BBRENGE D RPOECE BPBIOTIP DL L §groent solids
. re epa ' t at. di . T
i ol DRAEERY Y101 Baf oL AR B g The Dow
ChefHli6d] Cogfpagy.operating with transmtted |ight and

differential interference contrast accordi ng Nomarski .

| mages VEImA sGRE #r Séhraptdnibo Bispihar-al d DMC di git al
canera. -15 WD 2004/113427 PCT/US2004/ 015772 (e)

Transm s§; AAvSh 88 SEW BE1 80,
free epg??&%aﬁgg?%@%ﬁ%ﬁ%ﬁ@%%%ﬁ% cular to the

conftheréislly DusildbleFront The DokECkHichI TAGRYE ul t r ani cr ot ome
usi ng a 45 degrees dianond knife. The section

t hi cknegs pe 618G MEoldSoky Rgin, wiBGhI EEW of656, dnutéreilly
with a CML2 5 transm ssion el ectron m croscope

avaitgbde fromricheddovt Lhemicaompers were col | ected onto
cl eaned, 300 mesh copper grids. Imaging was recorded
di gi t al 1XZ90536 siatphehol ddve6lo sdlEibmt50 pee@nt/olifiEin DOWANOL

B SRS S S GEEST PR, S Sadlom e
Doy GHEAREmbbaE G o eati on i n necor dance’wi t h
ASTM T . . i cq .
ener 955 rs‘ﬁe%ég’li?&%%@vy@&lﬁﬁaﬂi#@gg r%ﬁx %oﬂ?uro?l% g??&cent solids in

acelORE Shitihn BEMPST 360 (gaaﬁ deenes)| snttapentleatailable from The Dow
servo- hydraulic MIS 810 test frame was used to perform

Chephiealt@supanYhe fracture surface analysis was done by
SEM (g) Scanning Electron M croscopy (SEM _ )
D.E.R. 669E is a high molecular weight diglycidyl ether of bisphenol-A, with

an EEW of 3245, commercially available from The Dow Chemical Company.

XZ-92567.01 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:

-14-
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15 Sanples were studied with a Htachi S-4100 FEG SEM
instrunent with 4pi/N 1H I nmage digital inmge

wa@egitsi4e1 on. Sanpl es were prepared as fol | owsPCTH82004/015772
fracture regions of the node 1 |am nate fracture
t oughnesg, sayRHEShBERr gaahéﬁ e@lﬂiwge $1B8ar8ER) a 1®Bktainless steel
bars using a“coping saw and one of the faces was

reacimL eqtigstdivoith SEkthafival stirsarpdnder haating fackaf and fiféed with a N; inlet

and g PR BB CAAL SRS AT DRI S0 PHEA mit 07 o 8 i

Slegkp}d)TOb SerC QRS o' the fdacidF bt }h{é ‘Phﬁ;{{ﬁgbvﬁghéﬁtéﬂotd@ec Sher

were-acquired digita 5KV. The standard
compbetth difstiors &80.17 rgrantmeo EBIGIGN é%OMAlﬁmunnwrpmaueé info the resulting

T TE MR EIR L i o
solultlgﬂlv%@taﬁo{vy% ool hg’&% 10%#e 031 9’374]26%Qm§:0551§ 5BM PA1B8dlution in

treat wel ght [resi content |
MEKF((]Z5 'ﬁMcﬁﬁﬁm& \amlaitﬂé) \Rissntroduoadnme tieesotutivh ip thepeagior at 80°C.

AfgrsoRIRe Soq s bBLEmPRETS horewing oKEHs Hdre slution
wes B TR Bh P ey elhest Pt MINGHERE gl e 42

(basedtoalsblids)cl ad | am nates [copper peel strength]
| PC-TM 650-2. 4. 24C G ass transition tenperature and

z-axis Ty eﬁlmﬂét@ﬂtm lahfigstedvetdtediedhising the following

Anal ysi s ( 5 [Coefficient of Thermal Expansion
teSU(ﬂg’l’Eﬁ)t]lOdSR@dTﬂNP%B‘@S@ 4.24.1 Time to del anination (TMA

Met hod) [T260 T288, T300] | PC TM 650-2.4.25C d ass

transiti @D Measaremedtscure factor by DSC [Tg] 10

| PC- TM 650- 2 5.5.9 Pernmittivity and | oss tangent,

par al | el Ap{ewii&t PdckizAhdlyzet was Ghétl th BidaBlire Damdr R inrdis ht
| PC-TM 650-2.6.8.1 Thermal stress, |am nate Eesol der

amifientdempereture, fiopcl MEsBol 6Hg. femplesizaves ahoyt kY crmgy Hyem with a
amnate integrity [high pressure
ﬂu‘%ﬂ?ﬁ?&faﬁ%% Iﬁé’CT)] 15 Exanple 1 A broninated epoxy
resin, 05 : herrical pdi fi ed vvlth
di -tert- (YN NS or GRSUTQRac

“cH 0 Fol | owi ng
conposi tion: Co onent Anou
i A Brucker ra.{gparatus operatlng at 250 MHz was used to determine '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 POLY VAR 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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D.E.R 560 250 g DIBOC 30.4 g DMAP 1.01 g

di chl oronet hane 200 g A. Procedure of the chem cal
wore@itfiiat i on 20 The epoxy resin was first di SROI/USIHOS/STT2

di chl oronet hane (CH2Cl12) at 25C in an Erl enneyer

flask ﬁb j gjiaz P
?|h|ait | \cl)\llné‘i!yS‘O%I'—d"bI I I%l?‘?htdnw)//lﬁoscl car Egga?'gl \%32 added to
e res
y[ir‘ gla gﬁﬁé%lﬁ‘ge g?&m F0ERa %e%ﬁl)ﬁg Wal%g% ﬁlﬂla?‘?%ﬁﬁél éa s

am no p or onet nane

bundles GithRel BRIAULARACUT Bailfrdraitotorhb @sing &lAlStdegg:es Gianttoind iknife.
was stirred at anbient tenperature for abaqut 0 rs

Thesectiondhickness ¥asd 28 nE(sGHERS) Mections weg S@lﬂm%ﬂb

r
ol A28 b R PERAYET A G B ot
cleah@dJ RO SeAA lcBppbr @rids. Litnad gAbaMkeddkdéP dighEITy ﬂﬂSZHﬂa&{hﬁ)HEMTEM at
B. Nucl ear gneti c Resonance (NWVR char act eri zation of

100kVe HioMi micseeraphsovere made okispseyentativeraasof the seonsnd

13C-NWR spectra confirned that chem cal nodification

of the (fyrNoieilevinatedrapturetoughessi t he grafting of the

di -tert-butyl dicarbonate groups onto the 5 resin had

occur r edviodéH Mvinnate feictheppaghimss waoletermtinad b38ccﬁﬂroiipahcrack

13GNVR H -GCOH -CGO -C+ - disappearance of r bon
propagaton & greaidanee with ASTMRES - cE@UcEgﬂeSSmseneaS@e&%s ﬂﬁ)stfam

onGRAATER, B LD SRR R0, B B Fpein.

servoH IRl A TH 18 18 Zesé fraipp Was uSedao-perfoint the-testp [Tha lﬁanmnaa afrface
carbonyl 1 o at 152.79 ppm These peaks are not due to
analygisavagidopeby B8M:|  di car bonat e because the carbonyl
woul d appear at 146.5 ppminstead of 152.8 ppm 15 C
Ther mal (ghScaMrgElzamnd\ﬂm@SCDPBe(SﬁM)fl ed brom nat ed
epox re esin

Samples were studied with a Hitachi S-4100 FEG SEM instrument with

4pi/NTH Image digital image acquisition. Samples were prepared as follows: The fracture
regions of the mode 1 laminate fracture toughness samples were isolated from the peel test
bars using a coping saw and one of the faces was selected for SEM. These smaller pieces of
the fracture surfaces were mounted on aluminum SEM stubs using carbon tape and carbon
paint. The mounts were sputter coated with Cr prior to imaging with the SEM. Images
were acquired digitally at 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 Flammability 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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The thermal characterization was done by TGA. Before
nodi fication, D.E.R 560 was stable to > 200C. D.E. R

wGed441HeT ed to deconpose around 230C 250C berelss2004/015772

the standard thernolysis of the brom ne groups. 20
liThi-890.2.£3& 560 st GRARASE AllarhiAWRE [copper peel

?grgé}}gtg%?éf%‘gcause of qfe%ﬁ%e%gﬂégﬁo a P?eagr oups. ,kwpp P

significant weight | osstremghseen between 170C and 220C

4. 77 percent bef ore the degradati on of the br.o%gr}enal

HoUpdo59Re 3 ght | os Clagsdrangigion fempeaiufqAnd Fgx1s
breakdown of the ther | lgaﬁg AP AdE19EiE EFMA
onto the resin backbgtr?é?g'séogl I'ng ?‘E}Q%S and isobgtlene )
evaporation. At higher [Ceeffieicat of EhdrthabE2RB&I08FCZEYC) ,
the standard thernolysis of the brom r s fi I
BUETMB30-Frhabd ot her - TRmero g amoragoprMal Mg [Fb0, Yass,
di fferent isotherm pr OEHO?? The resin weight |oss
was nmeasured at the end of"the isotherm -18 WD
OOAM-530-274. 850/ US2004/ GlassAvadsition tdnpetatutdndamude fattor hg DSC
i sothermat 180C for 4 mnhutes, the weight |oss was
0.72 percent; - (2) At 78k end of the isothermat 185C

] , the wei ] '
PETSSUPIRR end o URE O a5 ol AR R Utz o
m nutes, the weight | osk5 GiagDk/Dfmpasuceamdnis]Exanpl es
2A-2D A brom nated epoxy resin, D, E R 26 S
R TMSI0R AR 1 -t or ¢ - EARepRal SHessiasRaedsios 5at t58 ng

Lcal nodi fy ' r j ;
02y O capt irE iy ase] GBI B bRRSgoly Laminate

Tabl e | bel ow. Tabl e | .infegtityqhiphtpréssarguookdAcsEXHRGTH
2B Exanpl e 2C Exanple 2D D.E. R 560 250 250 250 250

15 Exg% 118 118 118 DOMANCLPMA 118 DI BOC 30.4 30.4 30.4

20

25

30. DVAP 0.51 0.17 0.085 0.085 The. nodi fi ed resins
In MEK of XN eEMfAy l%gﬂ' B.ER. $REYas bﬁ&ﬁitc!ﬂ%y Abliffed with di-tert-
hout” stripping th I

nodi fication, W e reacti on sol vent.

U

butyll dick¥onatecrdis ustispithe soltowink canpsitiont es confirned the

nodi fi cation of the epoxy resins. Exanple 3

Component Amount
D.E.R. 560 250 g
DIBOC 304 ¢g
DMAP 1.0l g
dichloromethane 200 g

A. Procedure of the chemical modification

The epoxy resin was first dissolved in dichloromethane (CHCl) at 25°C in

an Erlenmeyer flask with a magnetic sfirrer. Aﬁer vcomplete dilution, solid di-ter-butyl
dicarbonate was added to the resulting solution. Then a solution of dimethyl amino pyridine
in dichloromethane was slowly charged into the solution in the flask. The resulting solution

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

The dichloromethane was evaporated in a ROTAVAPOR under vacuum,

from ambient temperature to 50°C. The dry resin was solid at room temperature.
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A brom nated epoxy resin, D.E.R 560, was chemcally
nodi fied wwth di-tert- butyl dicarbonate groups using

wo bw4as33e7 chem cal nodification procedure as tPET/OS®OROIS772
descri bed in Exanple 1, except using the follow ng

co gE% :?r Z?Z' R ,%@a@ﬁeségme VR EnFacAlaiARE tHe Godified
bronyaasd 0 B’%ﬂ’ 7 PCT/ US2004/ 015772 Di-tert-butyl
di The BHAVR amis’®CRVIRegpetton confiemed that ehended)ineodification of the

te rature within 3_hours, and then.the saol ution
brom@an{égspowsﬁleﬁp afubof Berdireny bR pienbofe gt iy the
resifh B Stcigsg used without further purification, and

w thout stripping the DOMNOL PMA fromthe resin. 5

lil;%ml es 4A and 4B A brom nated epoxy resin, D.E. R
* EK80, was partially nodified with di- tert-butyl

di car bonate gr [ t he conposition as shown in
Tabl aP?eaBaéﬁcgﬁ?y(%ﬁ?g'OE%PmConpoggnt Exanpl e- 4A
5 Exanple-4B D E R 539-EK80 (g) 617 416 MEK (g) 54 24
ZCDIMRC(g) 96 133 DMAP (g) 0.285 0.372 PROPERTIES
\Q/ei ght | oss betvve%rg 0}_|7OC and 220C, neasured 6. (ig_]odf_.c_lo_l__
L ;rh%aﬁgg &Féfaf shane t 'the
cﬁlg ca ngdei iﬂggtion%mggw?gggggw and detu{ﬁg? no
residual di-tert-butyl dicar bonat_é_?gHaermi ned in the

S D R L e Sl e

under- stochionetric amuhm,6 of di-tert-butyl

di car bonat e, I 15 1% 1 hi | e, bi sphenol
A?ppgaraﬂ%ﬁq%ﬁequ@%%%s%k? el Na 8.2 v" wodified with
di-tert-butyl di cag_go%r_}e groups according to the
pagpeecinceofimsiemybedl i A 'ExartpRd9 bpniThe conpositi on
used was as follows: Conponent Anount

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

2

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 loss 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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bi sphenol -A 114 g DI BOC 109 g DMAP 3.66 g
di chl oronet hane 200 g -20 WO 2004/ 113427

wWEROMAWER004/ 015772 NVR, DSC and TGA char act er PCHUSIN4/015772
confirmed that bisphenol-A was regenerated after.
heat i ng _t 013206 iR is6ReiR BRLF000 161 4 Ieutes EHRORERE loss
groups occurred. Exanple 6 In this Exanple, a
mul ti f unct wen@l72 peigertt novol ac resin, Perstorp
85.36,28, 5 was chemically nodified in MEK with
di - t er t --buylAtdheardudiid Bothran ps] 850€ifog6a ménypesy theduright loss
described in Exanple 1. Di-tert-butyl dicarbonate was
char ged wi WBs 4A8 pR@geRt 3dchi ometric ratio, therefore,
only part of the phenolic groups were nodified. The
conposi t-i of3)uedheend dfdhe bm%ﬁﬂ@@h@ﬁ@rf@r GGvinntes, the weight loss
Perstorp 85. 3?, 58 2. 0t3 g DIBOC 0.24 g DMAP 0.67 ng
MEK 2.9 g YO8 T8 P&f&%%ssful nodification was confirmned
by NMVR neasurenent. After heating to 220C and

Exagiples242Don of the carbonate groups, phenolic -OH

groups are regenerated. Conparative Exanples | _and Il
I'n t heseA brwpantad PRAXYERSNIP S5R. Whoupe moBHIed W iedi-tgrt-butyl

. kno f gam n ent . . L ti
ciodFASRe OTLIARE g iR SR g B Eramte 1.
exca SifOMB 86@fositiérishis sShow ieTss16 bateiver i al  wi t hout

azodi car bonam de or any ot her foam ng agent as

described in Table I'll befgyeThe incorporation of
e O ChRpongt, | o Exampla 8 T EmpRe s | Bldigle 20°] HxafrBfaD
O—ot 1TTOTT C T voal Tl T T at Ifull VI TTI1 It I
nB-R H@em;s_l_gﬁcg-naé Hé 202Hacr sb@%@s E %!)“T 250
| cadsMEK 68| ani fat | dh$. 121 \MB2004/ 113487
PODVEYNOL/IMAT7T2  Table |11, FORMULATI ON Conphr at ijye
Fxanpl e(d) Conparnative Exanple |1 (rneference) ith
pzodpgbeqeRm de)  Xg492528 304 30.4 304
DMAP (g) 0.51 0.17 0.085 0.085

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

after modification, without stripping the reaction solvent.

TGA and NMR results on dried samples confirmed the modification of the
€poxy resins.
Example 3

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

described in Example 1, except using the following composition:

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

[75 percent N.V. in MEF/DOMNCL 31.9 31.9 PM (9)
azodi carbonam de (g) 0.35 DICY 4.76 4.76 [10 percent

WO p00DVE4PDONMNCL PM 2-Phl 1.18 1.18 [20 per cepeT/NS204/015772
in MeOH PROPERTIES stroke cure reactivity 170C (s)

241 224 Df-tdrimbutyl@idatBonbblw¥AdHal sl 16 RRERICR A &nbiefBtemperature
el | ow sol ution opague orange di spersion,

witiindciquirs, and drendhesolitipam wasd@phatrambient @Etatugfontt howss
@85C, pressing conditions 125N cn2 125N cn2 LAM NATE
PROPERT| 'Ht hmadified resir was wsed avithent fufther merificatid® aad without

Whitis ague | am nat e appear ance yel | ow
Sm?ﬁlﬁﬁgﬁg‘?éﬁ‘{‘gm etediige bubbl es bet ween

| ayers del am nation Exanples 7A and 7B In these
Ex d 4Bnhpdi fi ed bromi nated epoxy resin, nodified

D.E.R 560, 5 was used to prepare electrical |amnate
f or nul at Adweminatedepexy rebimgDil\Rt 539-EKI8D owespartizlly eodified with di-

- 22 004/ 113427 PCT/ US2004/ 01577 Tab | V.
tert Ay RS AT Ch SRR 00 gt S below
nodified D.E.R (100 percent nodified 560) D. E R

560) D E N 438 31 53 36, 0BableHo percent NV in MNEKI
(g)| D. E. R Cefpoadht29 70 jper ExatpMN-4A in| Example-4B
cy grehexangrel—{ar—rRditedbER—566—1729-39-53
[ 70 per@g&i $W'E%P@exanonel (&)1\7Perst or p 85. é%(;);S
MEK (g) 54 24
DIBOC(g) 96 133
DMAP (g) 0.285 0.372
PROPERTIES
weight loss between
170°C and 220°C, measured 6.6 14.1
by TGA (percent)

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

stochiometric amount of di-tert-butyl dicarbonate.

Example 5

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

Example 1. The composition used was as follows:

Component Amount
bisphenol-A 114 g
DIBOC 109 g
DMAP 3.66¢g
dichloromethane 200 g
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15

20

[50 percent N. V. in DOMNOL PMVA] 40.34 46.10 DOMNNOL
PVMA (g) 2.67 3.06 boric acid solution 1 22 1.39 [20
w@esogem42T n MeOHJ (g) 2E-4M 0.77 0.88 20 perP€nuSNNniNis772
in MeOHJ (g) PROPERTIES stroke cure reactivity 170C
(s) 231 ¥R, DS dRa A EistadiBi3zatBRebE S ddRRBRPhERI-A was
prepreg resin content (percent) 45 47 pre re’residual
regegetatetliaftes h@Bing %o PREEsinddghat drghatatomsofalle errbenatsgr@gswcurred.
90 minutes @185'C 40 N cn2 40 NNcm LAM NATE
ExaflBRERTI ES | ami nate col or whitish translucent white
opaque lamnate T C 178 182 The above results show
that t hg, gReiEkiBeleD: BultifinREBnalHRRGI R o6 G6Mr] PRgstdrp 85.36,28,
Exanpl e 1, did not change the reactivity of the resin
was @hemibglly srosifieddn MEK veith diAprs-butyhdicarbohate gegups, using the procedure

degradati o .observed. dur i a C scan, of t . .
descrif 1 BiprBell SR OB LASAEONRS " CBIE MR B gz chiometric
ratid, RrefBted, oﬁ%r‘:i{a%f AR HiRnEHOERBEPIRER milEfied eThebonipgegitiohavas as

pressi ng tage. By increasing the anmount of nodified
folldvE. R 560, the appearance of the | anmi nate changed

fromwhitish translucent to white opaque because of
Conicg@@’ and nore nunmerous por eamoud8 WO 2004/ 113427

PCT/ US2004/ 015772 Exanpl es 8A _and 8B and Conparative

Perstora$si39:28 | 1 n t hese Exanpl es, 23)§rg ous amounts of

ified D.E.R 560, prepared rding to Exanple 1,
DIBER? 034

e used in resin fornul ations, descri bed in Table
DMXpoel ow. 5 Table V. Conparati 0é7Bxgnpl e 8A Exanpl e 8B
Exanple 1l (50 percent (100 percent FORMJLATION (O

MEKercent modified D.E.R nodifi 8@ ®. E.R nodified 560)
560) D.E.R 560) D.E.N. 438 234.7 122.5 180.1

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 II

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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80 percent N.V. in MEKI (g) D.E.R 560 [70 percent

N. V. in cycl ohexanone] 256.3 71.2 nodified D.E. R 560
w(G 102118776 70 percent in cycl ohexanonel (g) Rer/BESWOP015772
85. 36,28 [50 percent N. V. in DOMNOL 299.9 165.3 230.5
PVMAJ (g) XZ 92505 [50 perggpfeqi V- i n cycl ohexanone]
56.1 DOMNA._PMA (g) 15 horic acid solution 9 Q5

4.91 6.96 20 percent in 2E- 4M 3.36, 4. 77
20 per GEIRMULAFIONN NcOH %Vﬁé’“‘mﬂe?oke% o o)
reactivity 170C s 234 21% 235(’fe SPEE eg als paat SRRy

101m1)% bisgs 1 oany 90 I nutes @90 M nutes @ 90
nggkirgeﬁt}éfwmmmmgndl tions 490C 190G 190C 4GM cn?
e

. LAM NATE PROPERTI ES co| or yel | ow

pale ye opaque| translucent 180 m nutges/
120 m B ?Jdcé"s\‘gfnaﬁ?gis? inutesd high pressure kooker 3
ti rre/ H20 ODEC?YO 39 ercent/lOO Q741 percent/0 47

Hi0 : 2 EMb (3 | sol der percent/100 percent

pass perceﬁtPhbas er ce| pass T288 (ninutes) 15 1@ 13

qu OHJZP 1 selder—di-p—288C /(\\ 100
= = A4l

TCT 4 L LOUU

103/ 106 P&*/CB’ER?&Sder £l oa% 288C (s) > 180| 118/ 116 3/ 2
UL Qrokt atird @iy @ VIRC )y O | Dk 1 _Gel. 25C 4L 95 4. 08223, 93

Di 1 Gz fi@B41°0) 018 0. 020 0. 021131 24 131
. . opaque orange dispersion,
varnish appearance clear yellow solution precipitation overnight
. " 90 minutes @185°C, 90 minutes @185°C,
pressing conditions 125N/om’ 125N/cn®
LAMINATE PROPERTIES
laminate resin content (percent) 42 41
whitish opaque,
laminat How i " inhomogeneous, large
ale appearance yellow transparey 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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WD 2004/ 113427 PCT/ US2004/ 015772 The above results
show that the use of nodified D.E. R 560, prepared
wa@ewmendisey to Exanple 1, did not change the reRCl/US1004015772

of the varnish and thermal stability remained

simlar. The nodified brofynaied epoxy resin D.E R
560—stTiTt—acted as an eTr|C|ent re retarda an(llrJl]
V-0). se of 60 n

5 appgm%gﬁ\?t he | afi %)é’f"réent gEelgr g é@g\g%t odified

white apaque, due ta |3

rger an

The d| eIQaE:Nr‘ﬁ& cKonst ant

di amet e1r7.29 Bubbl es

in the3fdd

10 rimeifad !
TOUVvI ST I © Ulrmtutci

tese

Hon el ect{?gg m croscopy of 4610
§ owed very |smal | ubbl es in|l the range of
é% ISP W Th @ humber nean aver
LPMA 9 pm |The refé&ftnce Conmparative”
Exanplterid dcid ssiivons no bybbl es un gfr t hese| condit{fns.
15 eetE. H porgs in the [aninatel of Exanple 8A
were as fBHMws: oreq diametgry0.00 - P.02 - Qo6 -
Q. (PQpercet . in MgOHIfNe) Q12 - > (Pr n) 0 D4 0 06 0 08—

0.10 O.RROPERTEES 0. 14 pg

res concentration

8.2 16.5 23.5

S%troke et eacBvity @ 1748°%(s) ([

ercent ) 2hkan aver

age di anpsers:

Dn = 0. Gpdteee) Da = 0.

65 pm g4 = 0. 069

pm Exangsle 9

and preppRs proPERTEBSAND! §

IV In these Exa

|l es, nodified

D. Trebteg RGNconRiit@aemyl adc

or di ng 450 Exanpl

2D, w8

US € freprél rasiduslizelifiimals) on g

f the pr8sent inv

a)
-
a)
-

ntion arsg

corrpar ed.to ar ativsg

modi  iPEES R S560 as

Exangiuees @650V w
descr4d¥em’i n t he

t hEUminlee@ 185°C
f ol | o0 A¥pm

TabLAMD‘{ATE“IBSI@IPERTlES FOAH

MULATI ON Conpar at

ve Exanple IV

E;xaupLengjnat'ggo = ET ETICE]

(TTaRARE tRHshdent D- £

N. 4 3ehite spldque

oy VEKT18Y:

69 189.168 nodi T

ed D. E k2 560

PET T, Y, ¥
7 opercent RV T,

DE R 560 [70 percent
PW (9)Perst or
in

IZT. 1T  DOMNNCL
N. V.

B4 5600

percen

PMAJ (9)

in DOMNCL 242.23 121.11

SR Byl o A1 A bl

?reﬁljﬁ{e/.& %Pér?rding to

Ex&ﬂ‘;ﬁé ‘P,h(ﬁ& A60EHRhgSthe48acBivityt 8f the resin and Tg remained similar. Also, no
thermal degradation was observed during a DSC scan of the fully cured laminate sample up
to 230°C, which means that all thermolabile groups were degraded during the pressing
stage. By increasing the amount of modified D.E.R. 560, the appearance of the laminate
changed from whitish translucent to white opaque because of bigger and more numerous

pores.
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boric acid solution [20 percent N.V. in MeOH 7.91
7.91 2E-4M [20 percent N.V. in MeOH 5.200 5.200

WO 284M342004/ 113427 PCT/ US2004/ 015772 Tabl e \WCT/USWD4/915772
PROPERTI ES stroke cure reactivity 170.C (s) 234" 233"

Examble8 8 A%ndRH s ComParat@elFfmpte i’ @ 190C) 163 168 C
188 ay Up Prepreg Properties tinme in oven 180C s 180
resjh

|
condi ti onsLég‘%)E)g‘ﬁﬁan}E %@%‘gﬁlﬂgﬁﬁyﬂd&?gpgR 569, 9%15&&&

accobdiagfo Exdhplen, wbﬁlﬂsb&ﬁﬁeﬁﬁ@ﬁﬁﬁﬁﬂhﬁﬁsm@mden Table V below.
yel |l ow sh, honobgeneou yel | owi sh, honbgeneous T C 152
152 T 288 mn 18 15 CTE < Tg (pprriK) 84 68 CTE > Tg
(ppm K) 255 234 Cu peel /cmnot determ ned 14.6

Sol der float at 288C (s) 3Gpehg5 Solder dip at 288C

s)—2560—136—94Tatd lgce{ " =243) V-0 (Sunr
24s) Dk 1MHz 25C 5. 45 fgm Hz }?‘5@188@13 0.%xqwple 8B
Dk 10MiBRABEABIORE 4. 06 25C(5@ o 01é1°° cent
100MHz 25C 5. 20 3.95 lﬂaﬂ}Mdz 25 2“°d'§g6DER
500MHz 25C 5.08 3. 87 TEERN6D) 25C O 25 O O]
1GHz 25004M9383. 82 Df | C 0. 017 13 The a
I esfBb bacoshoOW it MEK] he so S ik ied BE 560 bl%'?
pr epar edD.ER. 560
[70 percent N.V. in cyclohexanone] 256.3 71.2
d(g)
modified D.E.R. 560
[70 percent in cyclohexanone] (g) 71.2 197.6
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-4MI1
[20 percent N.V. in MeOH] (g) _ 317 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/em® 48 N/cm® 7 N/cm?
LAMINATE PROPERTIES
color yellow I;:;;S}{:E:I:Z white opaque
180 minutes/ . .
high pressure cooker test time/H,O 0.27 0 ;30 mmut;% 0 012(1) mmutets/g
pick-up/percent pass 20s solder percent/100 27 percen 47 peroenr
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 32
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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according to Exanple 2D, did not change the reactivity
of the varnish; and Tg, thermal 5 stability and flane

WO edoandrery remai ned simlar. The dielectric cPCHUS2W4/015772
of the nanoporous material in Exanple 9 is nmuch | ower
t han t herK&diRn e R&altd shoWaRmthahie/sf ii¥dfAed B.B.R. 560, prepared
Exanpl es 10A and 10B and Conparative Exanple V D

acc@dingfta Exampie 1,¢lid netcbangieribe regctiviey qfiter eatoisk a@@ﬂ@ﬂﬁ@é@bﬂﬁy

rempelf AR rne oot Gl @ B P Ek P el

effiVIBAtErR k&EIARt (UTI93 \A0) Thd ietehscrdfithydified DVBRUSHO changed the
Lam nat es pressed under vacuum and | am nates pressed

appedratns o thelamimate Home eleargielipwae vibiifie olagues dumte laggss #nd more

nun%ﬁ?ﬁ%se;@%?ﬁp 'Jrzl-}jﬁcil\ggc 004/ 4 %%%gﬂpgé?ﬁgu%d'/ %11%%7( %ﬂﬁb@s 8A and

8B {s3RuddElosePthah meﬁeéxﬁsm CompiMil Ak hple QIper cent
nodi fied nodified DDE R nodified D.E.R D.E. R 560)

560) 56
197 430 BUPETRTAEHpREP SR Né’?/%rélr‘fo%%l ttfodbbBe. These
bubbR# afeldhot810-606 pidih dhietd. Bufibles @0 the TG0 péher emplcs/weremot
 375.587 187.793. 0.000 -DOMNOL PMA nodified D.E.R 560
visiplegmden fpseepndipss.sg7 70 percent N. V. in DOWANOL PNAJ
(g) Perstorp 85.36, 28 450.073 450.073 450.073 [50
per cent ?ravsmissnowglqztrmgsg@omv E&qnngﬁAﬁsméYeryﬂnaﬂ

bubbBg i fecage qytipm Pt it A B0 i P Bl Ao e of
0.099 A6 Tkt FefoRBicd CorpBratil @ Bx@fple €1 ishdwa/ho bibbidsKinder these

PR ERTIES stroke cure reactivity 170C (s) 204 213
conditi®ns.Hand Lay-Up Prepreg Properties time in oven 180C

s 260 275 270 residual gel tines 44 49 50 Lam nate

wi t h vacThewli@Neter of pores in the laminate of Example 8A were as follows:

pores diameter 0.00 - 0.02 - 0.04 - 0.06- { 0.08- | 0.10- | 0.12- >
(Lm) 0.02 0.04 0.06 0.08 0.10 0.012 0.14 0.14

pores concentration | g, 16.5 235 | 341 | 106 | 59 12 0
(percent)

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

Example 9 and Comparative Example IV

In these Examples, modified D.E.R. 560, prepared according to Example 2D,
was used in a formulation of the present invention and compared to Comparative Example

IV without the modified D.E.R. 560, as described in the following Table VL.

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.E.R. 560 [70 percent N.V. in DOWANOL 24223 121.11
PMA] (g)
Perstorp 85.36,28 261.70 261.70
[50 percent N.V. in DOWANOL PMA] (g)
XZ 92505 [50 percent N.V. in cyclohexanone] 90.43 90.43
(2)
boric acid solution [20 percent N.V. in MeOH] 7.91 791
(2)
2E-4MI [20 percent N.V. in MeOH] (g) 5.200 5.200
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2-ply, 2-ply, 2-ply, pressing conditions 90 m nutes

90 mnutes 90 mnutes @90-C @90-C @90-C 50
woR@aR1807 N cn2 50 N cn2 LAM NATE PROPERTI ES p@i/€S2004/015772

yel l ow, pale yellow, pale yellow appearance

transpar ent transparentTgD[@Vﬁ@@ﬁ@nt | am nate resin

COTILENT § g 41 40 4Z7T C 185 185 185 Trelative
Dk (arbitrary unit) referefice 0.98 0192 | aminate

rRasitr@370.C (s) o

[ tsrokpeprg =Y.
o A FTyoTT  PTHIY T
fifogy Regl{cvring iy’ @670 60 MG IR 90 mi nutses i nut es@968 C,
@90-Cc-— @199 50-NFerR2 N5 NenP—HEAM-INATE

PROPEISHAESP Piapres PiéfquISiN Lpal

e vell ow, pale

vel | ow.

~appeatiddmevin@n®pasent  tral

iIspar entt80t r ansl

ucent 180

| am_natresidugigkltinedNt ent  (per

cent) 89 39 39

T(‘ ]@% 184

185 relative Dk (arbitrary

0. 80 Ewmsipkemdi!q!mA and 11
V. DE R 560 was mdified

uni t 8oBf er encle
B Oeprigpt Fat
ccordVemy to t

l§0°C

|\?@I‘E3P§Qg

ha nr
Re—pH

desc AANBYATRHPROBIRIIIS 3 5 3

ind used in the

T TTOUT O

fornul ati ons

desCribedhddadedl € VIIT Dbel

OdMowith) Borfid@Eddbils)S yellbwikls had@geneous

varying anpeajs of the nodified B2E. R 560 are 152
descri bedrpgg Gt Tol low ng[Table WBII. -2)7 WO 15
20047 118724 TPEpmd>2004/ 015472 Talke VIIIL Conpapéitive
Conpar aCive Tg Gemar at i ve Exanpl e 255A Exanple 11F234
FORMULATCfOpteExam| e VI (50 |permedeteriit@ per cent (166
per cersbldembhafai 288°Giedi f i ed . E R _28dified D E RI135
D. E. R Soks0}lips6B8%EO H gh Prlessur e3s0 ow Pressur 13
3000 [50 Pepémtine N. V. in DOANCS (pmaddsy 2821 VL (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 @ 500MHz 25°C 0.016 0.013
Dk @ 1GHz 25°C 4.95 3.82
Df @ 1GHz 25°C 0.017 0.013

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

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

Examples 10A and 10B and Comparative Example V
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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PMA/ MEK] D.E.R 560 [70 percent N.V. in DOMNOL 1799.0
PVMAJ (g) nodified D.E.R 560 [65 percent N.V. in
WOAMIA422073. 5 2073.5 PMA 2E-4M 10.7 7.00 7pODUSD04/015772
percent N. V. in MEK PROPERTIES stroke cure eactivi
170C s 210 258 258 8-pl yTandsphy. 8-ply" 90 m nutes
@90C 90 M Nutes 90 M NUEEs,RERS ST1[NExe@IS10A ONS ER@nple 10C
vacuum @90C, @90C, 2 naxMafidMim [no (30geidend [15Q10/pesdent
40 NrerRm2aTiinen? LAM WhbkedPRIET | dnSliffep DemBR. an Gvdified D.E.R.
whitish whitish whitish TDEKs560J8 180 13 T 3P0 mi §60)
EPPRB02ETED percdg N(DRWIKK] (3| CTHIZ418g (dpnt K97.4189 [Cu pEguils
D.EN_ 438[9 fRrcnt O.V. b MBK)] (p)ad i ng 1IM4-.@5V- 0 Dk IMHA525C 4, 2131615
AD.ER. 260070 pefdbnt NV 25C 008 |0.0 1P0
| e CDawANGL M E04 o | 1008t Bee d 00t 5807 ho 002"

Dk 508t DEICS® 18 3. 99 3. 8§ogeDf 500 0.b10
(70 preem BN, W SOH BRAL e 4 1808 03 3 B8 op 1o 25

o

0. Olé’eﬁt.oﬁ’(??;g’@sz)C?) Exanpl essd@d and 1285(13073! 450.073
e \/IJ | a) t hgoq l:v PV -SRTP- R P
5 MII’J'l*CQ, vVl | IT.g
nmount S50 d i .
[S&erqe i ¢%afnlon% E) HE.AR 16891 prepar atr.Blaccpr di HF.311

bl i-betd——Exarpte AB—were used:
b°R§a°écns8\§Q§3;§°C“f“’B‘?N el owi3.1dhe usle ofl3dwdifi ed 13.146

|5 = Q/gﬁm not—changethe Teactrvity of the

Vv ?fo%% égﬂt R IﬂEK] () 11.268 11.268 11.268
PROPERTIES
stroke cure reactivity @ 170°C (s) 204 213 216
Hand Lay-Up Prepreg Properties
time in oven @ 180°C (s) 260 275 270
residual gel time (s) 44 49 50
Laminate with vacuum ON
2-ply, 2-ply, 2-ply,
. - 90 minutes 90 minutes 90 minutes
pressing conditions @190°C, @190°C, @190°C,
50 N/em® 50 N/cm’ 50 N/cm®
LAMINATE PROPERTIES
appearance pale yellow, pale yellow, pale yellow,
transparent transparent translucent
laminate resin content (percent) 41 40 42
Tg (°C) 185 185 185
relative Dk (arbitrary unit) reference = 1 0.98 0.92
Laminate with vacuum OFF
2-ply, 2-ply, 2-ply,
. -, 90 90 minutes 90 minutes
pressing conditions minutes@190°C, @190°C, @190°C,
50 N/cm” 50 N/cm? 50 N/cm®
LAMINATE PROPERTIES
ale yellow, ale yellow, ale yellow,
appearance I::ran;;)arent I:rans};aarent p‘crangllucen’c
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 VIIL
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remai ned simlar. The increase of nodified D.E.R 539
changed the appearance of the |amnate, fromclear

wQelokows4ed white opaque, due to |arger pores OPCTUS2000015772
a higher volunme fraction of voids. -28 WO 2004/ 113427
PCT/ US2004/ 015772 Tabl e e \Vgppar ati ve Exanpl e 12A

INEXAMPT € TV compitati?e! C EN{Cofy; ive
percent (0O percent IJ_m)c& sehiaodilf i gﬁbﬂ%ﬁdhixi efl Exaﬁigﬁ%m
539) D.E. R I%39) D. k. R p@afle vD. E.|R &8ferdeiiB0 | 80(50 percent
per ATONi 0" 96. 9804&cchOmdiiEic) | mmdified BERD. [ nfRdified DER.
539- EK80 50.44 100.87 PER.p@ycerft N V560i n MEKI ( gj60
DI CY solution [10 pdrcent N.V. irn DDgARsure)l paLowgProsgure)
23. 27SMRRHIOMF 2-M Q. 427 0.465 0.{504 -20 Percent N. V.

[5D perddptOHY . {DOPAMOIOLPM (2. 39 288081 0. J0 PREFPERTI ES st roke
curel’l\é%r%@&uguy 170Q. (s) 229 2321231 filmTgli3g 137
137 80 10' 170C + 90' 190C|C Hand Lay-Up Pre re

[7PP%§ﬁFeWVé§D§WrPé‘Iq1n qven 188¢ s 2590 250 250y rgsi dual

Q4 QQ anno anee H 1
amed ]?Eﬁ ’&\Bﬁ' yqri 5\7V bgl TSFtCI Iymfu(;c Dmf gé A ?W
[651’?{?69?‘%% 9‘39 nutes 90 ninuytes i nu?is 285
n ..u. trons @ SoC—@90C T @90C, 50 W CcneZ_50
Rt ;.AM NATE PROPERTIES pal® yel | gw, véP
PR ehrow, Transparlent transl ucent
yel | ow opaque
stroke cure eactivity @ 170°C (s) 210 258 258
8- 1y 8"p1}’9 8'pIYa
90 minutez @190°C 90 minutes 90 minutes
pressing conditions 20 vacuum ’ @190°C, @190°C,
150 N, /cmz’ no vacuum, no vacuum,
40 N/om® 25 N/cm?
LAMINATE PROPERTIES
appearance whitish whitish whitish
Tg (°C) 178 180 179
T 300 (min) 28
CTE < Tg (ppn/K) 73
CTE > Tg (ppmv/K) 199
Cu peel N/cm) 9.0 9.0
UL 94 rating V-0 V-0
Dk @ IMHz 25°C 4.29 4.10 4.01
Df @ 1MHz 25°C 0.009 0.008 0.007
Dk @ 100MHz 25°C 4.21 4,02 3.94
Df @ 100MHz 25°C 0.007 0.007 0.007
Dk @ 500MHz 25°C 4.18 3.99 3.89
Df @ 500MHz 25°C 0.010 0.008 0.008
Dk @ 1GHz 25°C 4,16 4.03 3.88
Df @ 1GHz 25°C 0.012 0.007 0.007

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

according to the procedure described in Example 4B, were used. As shown in Table IX
below, the use of modified D.E.R. 539 did not change the reactivity of the varnish and Tg
remained similar. The increase of modified D.E.R. 539 changed the appearance of the
laminate, from clear yellow to white opaque, due to larger pores or due to a higher volume

fraction of voids.
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Exanple 13 D.E.R 560 was nodified according to the
5 except with the

procedure described in

w@eosposisei on described in the foll owi ng Tabl e PCT/Tk®04/015772
measurenents carried out on the

conposition are al so descrigpepkin the follow ng Tabl e

results of

Exanpl e 3,

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

X poi e X FORVMOCATIUN &eld MMQUMEF Bangrner
solution (AH ) 4137.2 [0 Hx 1pencer’\t (34 p¥ficerit N | DQUOBRNELent
PVA/ M SREE. 4299 238 p&centstiiffell ¢d  Modifidd.  $60 modified
descri bed in Exanpl e 3| 26DE.R)53p) G‘JDﬂltéBﬂ) N, \P-ERN539)
D.ERV/¥NEK &M phani X Vati d sol ufiQn 38/6 g,5[20 percent
N. V. | MERtanol | 2E-4M 9. 0-§_[20 percent N V_in
MhQdifIROBERRTIOEE 80 st r okle cure react ijvi ty04’]470C 272$oo,g729
[ V7 paeayN.Y3a MEKPEY/ 1IS2004/ 015772 Tabl e X coft-
PREPRE@WERTI ES prepreg residualj gel me 49
pepragN; R t v scosfx3 140(V 17(2)3%'& s |30 27
+ 60—-AHt-es—pressifg——econdtgns—@@+oe—]
EVZ.QR gen %&3 5 N cnR0427AM NATE PREGPERTI ES 0.504
g LN S X R AT AL L
l\fgﬁnfimé% rating N-0 Dk 1M |25C 3 53
stroke cure reactivity @ 170°C (s) 229 232 231
film Tg 139 137 137
(curing: 10' @ 170°C +90' @ 190°C) (°C)
Hand Lay-Up Prepreg Properties
time in oven @ 180°C (s) 250 250 250
residual gel time (s) 82 84 89
prepreg appearance shiny yellow Lﬁ:&g’ eéi‘:;;y palg:i?w,
2"pIY: 2'ply’ 2"p1Y1
. " 90 minutes 90 minutes 90 minutes
pressing conditions @l 90°C @19000 @1900(:
t 50 N/om® 50 N/em® 50 N/em®
LAMINATE PROPERTIES
pale yellow, very pale
appearance yellow, transparent translucent yellow, opaque
Example 13

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] '
E.R.L. 4299 2328¢g
modified D.E.R. 560 described in Example 3 2600.0 g
165 percent N.V. in DOWANOL PMA] )
boric acid solution 386g
[20 percent N.V. in methanol] )
2E-4MI 9.0
(20 percent N.V. in MEK] 8
PROPERTIES
stroke cure reactivity @ 170°C 272s

-20-
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Df 1MHz 25C 0. 007 Dk 100MHz 25C 3.45 Df 100MHz 25C
0.007 Dk 500MHz 25C 3.41 Df 500MHz 25C 0.007 Dk 1GHz
WQ53@©4313407 Df 1GHz 25C 0. 007 Exanple 14 A nodpd1/862004/015772
brom nated epoxy resin solution was prepared in a 5 L
glass 5 reactor, equi ppgeflidkibod)nechanical stirrer,

an addpgppRRGRPROPERTIESL225. 4 G ans of DOMNCL PMA,

arrt—a—theattng—Tacket; —and fi[[ar(] Wth a NZ infet and
2275.8 g of solid DE R 560 Jland 310 3 g of E R L.

4299 were charged into the reagctor, and tQ Ssol ution
was he&pge radiaggldmens t ey conpl ete dil uti on: the

; .VWW
(5] C L
——tdf - butyt—dicar borat e and— 0.3 T3 (Dhinfds @O+ 60 minutes

Pl Y S-S
SUT UL | UTI
TEPTH

JoFct 0 25C 136. 5 JARkes 0f 0 -

ami nbpyrﬁrggsiggco\q@{iﬁs added to the sol utiongkred 10
portions ovef a period of 2 hours. shpafs RguacTiKied

afTer [XWIKAPE PROFERTERS Of di-tprt-butyl dicarbonate

m nonvri-dine
T 11\ T .

P “
i ar
L di-tert-bufRFRAYUEar bona

Af £ +-L
e —NTer e ot RS
e—atfiG ety fgjlsmepyl rarne

Heed 5059 st ||_Ed f.U' 26 His 1 & 2

P |

o £ 2
tH-S—at—= <Tg“-,J-.AI oant II?. Was —[TotrTCcEqd dlg.gt-ﬁ.omknl S
el e SO UtTOTT WAS TrdﬂS‘p@ﬁ@Pﬂn{K hen,

- on.se acrd—sotutTon (20 Per Cengs oC
frof=vot-ati S bl mettranot ) Was added 10 [hengl ution.

+5—The—soh; [y S e StiTTed TOof an extra hogir. The

theoretTelg FRgX%eEJul valrent wei ght Tor thes resultant

reST T Wahr A iviOBaed on soli1ds). -30 WO 2006/ 113427
Dsecexanpl €s 15A- 15D Modi f i3ad

DI SpHENOhr @ 1@aaRasegiovol ac_sol liti ons wer eo.pi7epared in

a g ass pd@360Miiz25&qui pped W th a nmechani call stirrer,

and a hepi@B@MmEaese ;, and fitted with a N2o¢imlet and

an addl U isvwfiganesrc The percenfage of nodidf40cation of

BPNI7 WasOfm dcerseent, 10 5 pefcent, 50 pef®ent and |

100 percent for Exanple 15A, Exanpl e 15B, Exanple 15C
and Exanple 15D, respectively, as shown in Table Xl
Exantﬁ L The solutions of BPN17 were charged into the
= r and di-tert-butyl dicarbonate and di net hyl
ani nopyr j dj . WHoR Wl it ih QISL iolass
porti on§&Wgﬁe\ﬁg?l}dg%ﬁ%w%;%ﬁ%gﬁong o?é%%ed a]‘terg )
reacﬁ:&,eeqtﬁﬂ%dgﬁﬂl hethanical ﬁtirlght,t aﬂél alicating frokttparsdfittati with AN, inlet
am nopyri dine were introduced | react or..
and a6 pQaian Fonst.  HSch st B0 AN LENGS 215 St Sid DER. 560
Lpgth . Jofl o 1 Ak 8 oMtRnthA heated to
and ST B T PR3 et g o chAREPETRY B Softden

90°Q0WiFer chiRpletadiiutivny@s solotibn waslcafleddowhtos235€r i186.5dFrams of di-

time. The sol utions were transparent.. Table X .
tert-butyl dicarbonate and 0.38 g of dimethyl ami%opyn(}me were a%deA to the solution in 4

portions over a period of 2 hours. Foaming occurred after multiple charges of di-tert-butyl
dicarbonate and dimethyl aminopyridine. After all of the di-tert-butyl dicarbonate and
dimethyl aminopyridine was added, the solution was stirred for an extra 2 hours at 25°C.
No foaming was noticed after this period of time. The solution was transparent. Then, 51.7
g of boric acid solution (20 percent non-volatile in methanol) was added to the solution.
The solution was stirred for an extra hour. The theoretical epoxy equivalent weight for the

resultant resin was 401 (based on solids).
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FORMULATI ON Exanpl e 15A Exanpl e 15B Exanpl e 15C
Exanpl e 15D reaction tenperature 35 35 20 - 30 35 C
WBRNYI1§420 percent 3293.0 592.6 459.8 320.2 spCT/tiS1004/015772
DI BOC [80 percent 198.2 67.3 261.0 363.5 solids in
ExathPley §5811 pVAP 0. 44 0.15 1.17 0.81 PROPERTIES percent
arfrcatron of the phenolic groups 5.3 10 50 100

(cal cul ate rcent - :

Conpar at'i Qﬁﬁ@@%s@% ngmgrfoﬁx n?ﬂ@é@ §%&§o§p§fvgé§e B'l\t/bg?’riefal lﬂ% a glass
reac®80iped Wit Smedhahieel stieles bint @ hgatngyackutraad fited withoa N inlet

prepare the fornmul ati ons as described in the g%PI oW n%

and aaddation funngla Jihs prIentags efmpdificsanM SENErE” - £ PSS

ti FORMUL ATI
reofl R bl SERMALD A A LD BoEpiY S
Exal%glleﬁ@pé ¥es?6ct%2b1>4 Qs shbwkOin ZBbOXT Kelow.l Thoselintorsaif BPN17 were

solution [20 percent solids in 1.23 1.23 0.82 0.8 ,
chargedinto thetrbaoter|dnd dixtar-hutyl Mwa&m@éawt%amwm&%? were

. 8.2 .21.1.10 0 Ex le 15C |

incofjskeisd BB (i BFPEe TP RU OB PRl B ohoR i Syt ipfer the

chargés ofRi-tdrBBOtyP dREHINSAL akid Efndhyd Qnﬁn(g@n drepfee@ittroduced into the
I'm dazol e solution [20 percent 0.38 0.38 0.25 0. 25

reac®r2 B fies oll jofl theltibntyPdicarbemate abdimetiy] ampeppyrigine wesq

. \AD 2004/.113427 PCT/ US2004/ 01577 | ,
incoRERERHIIE G 145 OB SRS R (PF A sErd 2 pofioflp Hyping was
noﬁ?e?lﬁag%g l%hei% ?éﬂid& SRRA ARCRItions desstadpirent. opal escent,

Table XI.
FORMULATION Example 15A Example 15B Example 15C Example 15D
reactlon(tfg;peramre 35 35 20 - 30 35
BPN17 [50 percent 3293.0 592.6 459.8 3202
solids] (g)
DIBOC [80 percent 63
solids in foluene] (g) 198.2 67.3 261.0 363.5
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 XIL.

Table XIIL
Comparative
FORMULATION E"i“g“ge Exf;‘g’le Exfgg’le Exlagl‘fle Example VIII
(reference)
E-BPAPN solution [79.6 percent solids] 31.66 31.66 21.10 21.10 21.10
@) . . . . .
boric acid solution [20 percent solids in 123 1.23 0.82 0.82 0.82
methanol] (g) ) ’ ’ ) )
modified BPN17 as described in
Example 15C [58 percent solids] (g) 16.57 8.28 2.21 110 0
BPN17 solution [50 percent solids] (g) 0 9.58 10.22 11.50 12.78
TBBA (g) 9.90 9.90 6.60 6.60 6.60
2-pheny] imidazole solution [20 percent
solids] (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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thi ck opaque a | ot of clear, bubbles al nbost no clear,

no bubble 10 m nutes @70C + 90 m nutes 190C foam
whemblies2bubbl es bubbl es This Exanpl e il ustr ap@susivat/015772

the final norphol ogy of the epoxy matrix varies wth

the concentration of thefyp b@9roups. 5 Exanpl es
' TNgse EXa I es,
thermnl Abil e groups -wefe

L a2%%0ns| as?4esdr i B&Y ik t hdso
PRI, | ANk ¢ | b
105{15% @51?7?%6,* Q mnigutes, RV N EXIEIBIF]’ o | 1Peshion fj}e/aénobubble
170 5@ Tfl X (bt erone k;_a_ Ieso b sofsut i J.%Pb%s,’g.%

31.66 31.66 21.10 21.10 21.10 percent solids boric

123 0. v EaungeaBRaER I he AP GRR e g uatex varies
Wi@%%h&ﬂ%&ﬁ@ﬁh&%&ﬁﬁk%@ﬂp@? 8.28 2.21 1.10 0
solids] BPN17 solution [50 percent 0 9.58 10.22 11.50

' .60 6.60 6.60 2-Phl
Exajfpidt /o2 hend chiliind BadnBR 1% 00 %0 80 0. 60 sol i ds]

DOWANCL 9. 8. 95 4. 7 . '

COUNCL 215 8o bl o P BRRRT R s
to pRIpataHE FornuBhRAE as Béchb&bih, thalloheds TableX@L30C + 30
m nutes foam fine bubble bubble bubble @40C + 90
m nutes bubbles 190C 10 fFhjisxianpl e illustrates that
ttre—fTmat—mor photfogy of —Te epoXy MRl T X vari es — WidoRparative

t heyia@RceRbiat i on mimddenno sl gﬁéﬂ%‘? ABEERar i meple IX
between Exanple 16 and Exanpi’8 17 shidfs tlhat!’®he| (reference)

E-BRAPNRLAGATRQY [0T [ he epox trfirx i €s h {he
DI Q686 o] (ondilt i GHES such%é'g?t hie @E/Jﬁ n #.o 21.10
T epaEidbakitn 2032

percent solids in methanol] 1.23 1.23 0.82 0.82 0.82
@
modified BPN17 as described
in Example 15C [58 percent 16.57 8.28 221 1.10 0
solids] (g)
BPN17 solution [50 percent 0 9.58 1022 11.50 12.78
solids] (g)
TBBA (g) 9.90 9.90 6.60 6.60 6.60
2-Phl solution [20 percent 0.60 0.60 0.60 0.60 0.60
solids] (g)
DOWANOL PM (g) 9.50 8.20 4,95 4,78 4.60
PROPERTIES

film appearance [cure

schedule: 30 minutes clear, very
o . opalescent clear, no clear, no clear, no
%iigog i gg mmﬁE:Z: foam bu?)lll)?es bubble bubble bubble
@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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20

WD 2004/ 113427 PCT/ US2004/ 015772 Exanple 18 and
Conparative Exanple X In these Exanples, formul ati ons
wa@sgoodasaei bed in the follow ng Table XIV wer ePCT/US2004/015772
conpared. 5 Table XIV. Conparative FORMJILATI ON
Exanpl e X Exanpl e 18 reference E-BPAPN solution 79.6
percent solids] 248.0 248.0 nodified BPN17 as
descri bed in Exarrpl e 158 58 129.9 percent solids]
Exapmie 18 an paraBve pramme sol i dsl (g) 150.4 TBBA 77.4
77. 4 2 M soI ution 20 percent solids] 8.75 8.75
acet one IA@h&eampleRHORPEHANES astdenkibed in the dellowingd able XIV
130C ) 180 175 fil m appearance [cure schedul e: 15
WerRLomPE%d@ 130C + clear, alnost no clear very fine
bubbl es 60 ninutes 190C bubbl es film Tg (m dpoint):
Tgl Ist scan /T 2 2 scan)TablgXEV 7/ 205 5 198 7/213 7
Exanple 19 A nodified br omi nat ef ¢rativesi n sol uti on
was prepafO8MBARIAN | gl ass  repct ¥amP¥$a§J| pped wrampleds

wi £t Pé\PN'soluwn.Lw6p¢ﬂqeng$0:dﬂl.%=dm L on mam._ 11
‘ [ g of solid D. E.
|d thl%0.§U= ttH-on—was

| it LR the ?U:ﬁ'ﬁh’”

aiTb 7§UI L ll-Ul]l&y75
ch ca UUI‘Ial. © oottt on percet—so 6?5 Tt OI'UERF Y
and—t1—4 U PROPERT llyl arm nmopyT drmesofuti (o
percent solids 1n MEK) were added to the ution

dr(m \ﬁ,r@l@cmggltlme@bwé)@) of 30 m nuted80 15 ter all’s of

ﬁltﬂmépqﬁtanqe%?ufeﬁsmﬁ 1%@@'&?5@ Ill%)f%"' ap dd?ff’ i’@oﬁw clear very ﬁne bubbles
inf) Lol (1% EE%fi%F %H%Q@(L L9,57Q.05,5’ ’“”‘&87/213‘7
f oam ng was notlced after this perlod of tlms The
E t heoretical epoxy equival ent weight of the resultant
—%ﬁ-@@-@g" t was 470 (based on solids). Exanples 20A-20E
and Conparative Exanple XI 20 An epoxy resin solution

was pr epanRsiiRyd Blofiisht@DefoRS r&ivéolididn Was gdparedfia 5 . glass
of D.E.R 6615 and 420 g of acetone (herein "Epoxy

read¥bw mqtipped>@ith aGreshanienl stimer, Epba eatiBedanket; ead ﬁttg%wathlaéﬁz inlet
and Jorzdatenipne 119 5 RO DOWANBY WA ek 21029 P B8 DER.
560 were charged into the reactor and the solution was heated to 90°C. Afier complete

dilution, the solution was cooled down to 35°C. 254.6 Grams of di-tert-butyl dicarbonate

solution (80 percent solids in toluene) and 11.4 g of dimethyl aminopyridine solution (5
percent solids in MEK) were added to the solution drop-wise over a period of 30 minutes.
After all of the di-tert-butyl dicarbonate and dimethyl aminopyridine were incorporated into
the reactor, the solution was stirred for an extra hour at 35°C. No foaming was noticed after
this period of time. The theoretical epoxy equivalent weight of the resultant product was
470 (based on solids).

Examples 20A-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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-33- T WO 2004/ 113427 PCT/ US2004/ 015772 bottles and

the tenperature was controlled at 22C. Di carbonate and
wa@leovetliB4k7 am nopyri di ne were incorporated i ntBCT/082004/015772

sol ution over a period of 30 mnutes. The table bel ow
bottiRSAH tReSnipRRANEe Ma9 Shiitioled at!3PE. Dieerbeite bhddisnetige

stirred for 24 h at 22C. After this period of tinme
amigopyristine wers incomarated info thesebiiiomayeemperiodf GOminutes. [fhe table

Clear,. ve 5 viscous |iqgui ds re finall ' o
veldjy, deiethpeikeamioSic pd phe SRS s el BEbFhaFRC. Atter
this'pEAHIBf GMRYVIIRRIE Was RERIVES ra {ddatin ovERQt 2B ok 94 &l Clear, very
_ Shown in the foll owi ng Tabl e XV. Table XV. Conparative
visceus hptids BerafpratlyGhtainsde Exanpl Exanple FORMULATI ON

Exanpl e XI 20A 20B 20C e 20D 20E (reference) Epoxy

Bl end sOTh femperaiiide 4t Ipwt parnént daxs ivcks jme@Burdd BB ther@8-gavimetry

28.4 28.4 28.4 DIBOC 2.25 di-tert- .23
analysis AT Génaflde asults e SEOWH ELihs Sollavumg ?f'é%fea&»[ hyl
pyrocarbonate 2. 30 di nethyl 2.35 pyroarebonate DVAP
[5 percent 0.76 0.66 0 91TableXV. 28 solids in MFI

PROPERTI ES tvernodi S fal | Bndf |t BRaSRe PN 1 D
BORMULATIONG 1 Exa%g’fgl g6. 420£Hrl1y ir 0%, {egrou;m@ ( ‘alqu'ﬁa e%’iaé%ple
i cent—of 55

= fore -g-r-ai-t-ed—ea-r-bené*re 05155
Ppxy Blepdsofugion perature a i ght, pérc 0s
[Weifg?)‘é sdigsling ¥92 134 2&%% ir eés‘%yvﬁ'G%%A At 384
DIBOC (g) 2.25
di-tert-amyl
dicarbonate (g)
diallyl pyrocarbonate
(2)
diethyl pyrocarbonate
(9]
dimethyl
pyroarcbonate (g)
DMAP [5 percent
solids in MEK] (g)
PROPERTIES

223

231

2.30

2.35

0.76 0.66 0.91 1.04 1.28

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

0 50.8 44.6 61.1 69.9 86.4

204 176 93 110 102 134

&Y

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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C 10 Exanple 20C gelled during heating to 190C. This
could be due to reactive nmultifunctional nolecules
w@ewitng4tT om t he deconpositi on product rel easeRCTHUS1004015772

the cleavage of the thernol abile group. -34 WD

2004/ 113427 PCT/ US2004/ 015772 Exanples 21A and 21B In

t hese Exanples, the fornul ati ons, as described in the

tabl e bel ow, were prepared; and the properties of the
Exampples 2e4sand AdB| ani nat es prepared therefromwere 5

measured. The results are shown in the follow ng Table

XV I T&bﬂﬁsé@iamﬁéﬁkhd.féﬁhﬂ’aﬁ&@mﬂ&sc@h@d igthateble belosy, were

E.N._ 438 | ut 85 | jds 34. 1373. 5
brepaisd; #idkihe epRYIcH ST TSBITERS BH IFRRIEREHAIE g oomgtere
d 48. 06
mea@&gzﬁg%x%'é’% i ond%ﬁglel% @rﬁ%?‘ﬂgg?@%az] 5 boric
ac: dfsol uglnon 20 p?rcent fagi' 1.39 52.2 %E;A_LM
Agel 1 Erele 2y

DOVWANCL PRRRMSLAT! ERTI ES st|r 0B

( S)D.BN5438 6dutiofi j8b perdegt sblidsHigpoi nt)) : Tgi.14st sican [/ 1B73.52

.04 ofioxd 83 ddlid froin ES#pK/1965 7 PREPREG PROPERTLISS?

pr e@rRg7 BMMM . eg mgﬂ;{*r;ﬂm
3] % Sy phid 43 QQI]-

\"‘7 “”’ 2 & Shal & 1t
(md pai nt) - MEEEQ&MFH Tnl 1St_dean [ 48h 24 ke
288 mn 7D0W2*Nf)1<P1\’179q (nnml K)—5 CTE > Ta(toomia 2

PROPERTIES ~ A A
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 keflem”
LAMINATE PROPERTIES
appearance opalescent
laminate Tg (mid point): 185/181
Tgl (1¥ scan)/ T2 (2" scan) (°C) 8
T 288 (min) 21
CTE < Tg (ppm/K) 58
CTE > Tg (ppm.K) 179
100 t
high pressure cooker test (120 minutes @120°C/20s solder pass /watgrell;(i::;(l-up _
dip @260°C) (.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 XVIL
-35-



hi gh pressure cooker test (120 m nutes @Z20C/ 20s

sol der 100 percent = dip @60C) pass/water pick-up
w@2@4/1pgecent UL 94 rating V-0 (sunr 7s) Dk ROHESDB4015772

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

25C 0.012 Dk 1GHz 25C 4723 xRf 1GHz 25C 0. 012

‘_&WWHM . the fornulations,
as described in the table bhelow {were 10 n_raJlga_r_e_d,____
e 3 o

_and PER. foaplution[Wpersmt 0lds] nr epny
or e pRESH438iselption [85,pe lid X
modifier BPN1A at’cqﬁ@n?eém%wﬂalﬁ%afé? %er"X‘%fl . -35 \\Q8R004/ 113427

PCT/US2004/ 018480 Tablo A1 F:RI\H:QEH—G‘g—B—E—R——&G&
Z DI M 22 ) )

_sol uberigacie polutian [ZIQ? groopisplidely 4 3
1 | iy | 102,

S UTT

P
D
- g
)
H H

soluti-on dlp al
T TS UT T U35] T|- IIUUTI I (S0

descrlﬂﬁld n j4r mﬁgﬂ&A[SO cent 18012%8%g sol i ds

rcent .o
betrte—ae p,@ %J ES IBI ZU—pet cent bUITI US| B2, 2
DQ/\AI\I(lPI\/A 5 E-4M 29 .83 gl 20 percent NV in

I

t hanetkdke PROPEEVY B 708G oke cure'r cact ivi20830C 25
[T 2 1843/183.3°C

Siscan)/
PREFREG IB@P@@IE%?EE&%RTF@PEX 3 n%‘la‘éplz% = Exppler2D

Exanpl e 22C Exanple 22D B ooy
._ —C T \,3 T | UU T YT

prepree TEpATBIgelginee 0 | 170C ( (s) or ¥ eg |mi ni ®um mpl t 1% 5

=
=

<
=4

11 E@*'p S) 11 5 \vl: SnMTL lAﬁf‘\ LD
prepregmlmmummeﬁt 115 ¥ b § A T ‘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 kgf/cm2 1 kgflem? 2 kgf/cm2 kgf/om* +
190°C for 90
minutes @ 5
kgf/cm2
LAMINATE PROPERTIES
appearance opalescent opalescent clear _opaque
thickness (cm) 1.55 1.66 1.49 1.44
laminate Tg (mid point): Tgl 184/185 181/180 184/184 188/188
(1st scan)/Tg2 (2nd scan)(°C)
T 300 (min) 9 6.2 10 7.3
CTE < Tg (ppm/K) 54 55 30 38
CTE > Tg (ppm/K) 229 226 224 217
Cu peel (N/cm) 12.7
UL 94 rating V-0
100 percent 100 percent 100 percent

high pressure cooker test (60 100 percent

minutes @120°C/20s solder dip | pass /water pass /water pass /water pass /water

pick-up = pick-up =0.18

@260°C) pick-up = pick-up =
0.23 percent | 0.25 percent | 0.19 percent percent
high pressure cooker test (120 50 percent 100 percent | 100 percent
minutes @120°C/20s solder dip | pass /water pass /water pass /water
@260°C) pick-up = pick-up = pick-up =
0.56 percent | 0.57 percent | 0.50 percent
Dk @ 1MHz 25°C 437 4.71 4.64
Df @ 1MHz 25°C 0.013 0.013 0.012
Dk @ 100MHz 25°C 4.19 4.62 4.43
Df @ 100MHz 25°C 0.014 0.014 0.014
Dk @ 1GHz 25°C 4.16 4.55 434
Df @ 1GHz 25°C 0.015 0.015 0.013
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15

pressing conditions 190C for 90 190C for 190C for 90

140C for 10 mnutes, 90 mnutes, mnutes, nmnutes @
W@O@284/1084%7 kgf / cn2 1 kgf/cn2 2 kgf/cnR kgf/cnR RCT/OSIB04/015772

for 90 mnutes @5 kgf/cn2 LAM NATE PROPERTI ES
ExafaBReAr ance opal escent opal escent cl ear opaque

trimckness (cn) 1.55 1.66 1.49 1.44 |amnate Tg (md
point): Tgl 184/185 181/180 184/184 188/ 188 (1st scan
/T 2 (2ddmedidied C-cthy@bmethyl Bnifald eolTti@ wesTEepargd in a glass

i, K 54 55 30 38 ,.CTE >
bott 2%1111}? a;magge%g@tqrg{ | ln]gg %r@ns ﬁ&%ﬁthzlrggg%%ﬁ)g naabq?ﬁo‘llre solution
20 h&ednt g&@dS]lH DHHRIAS %\TQL Pm) wad %%hedlf?loth@ BlasEhitt1d:Ad 5.45 g of di-

ercent mnutes 0C/ 20s so der di p pass / wat er pass

tert—bﬂ@l émarbeﬁe&e solatier (30gsscehtrelids in t@&@@) W@ mkonpprafed mto the
ck-up = pick

soluaen deprwise fgerp?evee)@éto@ gt UF‘?@ 3 38%& pF%aé%ng SRS n‘i P“‘P%%‘the
1ncog% %t&é&cg‘?ﬁ rté:r‘l? gﬁtlyil giQ:alﬁ’)%flgt@ n %\ftlspgll BEhE etert-HitPLdiBfbonate had been

I'p pass /water pass /water pass

incorpghied int ROkt Ith:é(salnption wascstirnep for 4& Ickt-ilﬁ)ﬁC— N fgming was
percent 0.57 percent 9 er cent 25C 4. 37

notigedzaften thgspertyd ofirpe- 2@1@ Wiy VWSG%SE?I 2 Dk 100Mz
25C4 19 4.62 4. 43 Df 100|\/Ii|z 25C 0.014 0.014 0.014 Dk

8 QAN 2% 22-20C 0.015 0.015 0.013
-36 WD 2004/ 113427 PCT/ us2004/ 015772 Exanpl e 23 A

nD d| f i edn these E;(hmplemtthh fdrmiukitidas; @b dessbed indhe (abie below, were

a in a ass dwi.t-h netic
profeedh AR the plorgrissaneBed st yh TRV AP 0GB oV
solution (20 percent solids in DOMNOL PMA) was

wei ghed in the glass bottle; and 5.45 g of di

Table XVIIL
Comparative
Example | Example Example | Example
FORMULATION Example XII 24A 4B 24C 24D
D.ER. 552-A80 solution [80 60.44 60.00 | - 60.00 6000 | 60.00
percent solids] (g)
DICY solution [10 percent 15.36 15.36 15.36 15.36
solids] (g) 15.47 . .
2E-4MI solution [20 percent
solids] (g) 0484
modified 2E-4MI solution
from Example 23 [28 percent 0.34 - 0.65 1.31 1.63
solids] (g) :
DOWANOL PMA (g) 0.69 0.76 0.76 0.76 0.76
catalyst concentration 19 037 0.74 0.92
(percent, based on solids) 0.19 0. ’
2E-4MI concentration
. . 0.19 0.39 0.48
(percent, based on solids) 0.19 0.10
PROPERTIES
stroke cure g‘?s)ﬁme @170°C 300 675 565 371 322
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5 tert-butyl dicarbonate solution (80 percent solids

in toluene) was incorporated into the solution
wele@pAwi4eE over a period of 5 mnutes, at 20C PEDHNINY015772

happened during the incorporation of di-tert-butyl

di carbonate. After all of the di-tert-butyl

di car bonat e had been |ncj aﬁﬁ?é)f(ﬁed |nto t he bottl e,

—the—sol-tten—was—5t f at oantn
. dedll e . Xan pl . atgtive J
WaFORMIILIAGERN af t e gx Se R 1|00 4 ﬁ‘l_ %)&@I ut i Expmple 24F

tfgx%ﬂ iy anpt ey 24A-24F|[and_conpar ati ve
\

'}g&@&h I n t¥el$e ExanpPds, the f¥Rul at ons36-27

BICYoREh] (06 d{ﬁ The Table begl oW Wer & pr epar ed; | and

t he psrogdgja(r;] es mepsur &d2 ar e |shol#t i n| Tabl &2° XVII and?

‘ ﬂmﬁm@%p@meﬁt VITI . Conparative Exanp bl e
Exanploaskspnpl e FORMUIPATI Ol Exanpl e X | éi% 24B| 24C

24D fied2EAM solibd- ABO sol ution [80 60.44 60.00 . 60.00

fot FRndR3Q28 pepentcent sol i ds]| DIIGY solution [ 10 pércefd?

15. 47s0lids] @b 15. 361 15. 36 15.36 solids] 2F-4M solution
| [ TDOWANOePNMAG) 484 soPi78ls] nodi®l%d PE-AML14ol ution 118
f realyExeagiratioe3 [ P8 percent |0.34 0.6% 1.31 1.63

Jesrqentshaseiomgtidy) E/AOPG% 0.716 0% 0/76 0%% cafal yt?
= \

019 0.3% 0-740

b%é‘&ﬂﬁ?fm%"(tff‘ti gﬁs DE- 4Ik}flg%conc entratiof 0.19,

0.1 1

dp?§‘§‘l t?p:?sgonf%‘ ed dn séj | ds PROaéQiTI S '

St+6 ge—tre—&70€309-6755 15— |
" 37 NABPSRE 113427 PCT/ US2004/ 015772] Tahie X

sEQRIVIuE 2 HENATHPal at i Exanpl e fggnpar ati ve Exanpl e
24F FExfshple Xl 11 QAFV')’ %(ﬂrmlE X1'V/_D pt R__592- A‘Rrr?

(
sgdte&urbe?)ﬁ{ns@Z@UCls 29. 73 36.|30 36.27| peraegt soli dsliso
S

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

temperature.

Example 25

A modified phenol novolac solution was prepared in a glass bottle, equipped
with a magnetic stirrer. 21.51 Grams of XZ-92535 phenol novolac resin solution (50
percent solids in DOWANOL PMA) were weighed in the glass bottle. The phenol novolac
resin was modified with a stochiometric amount of di-tert-butyl dicarbonate in order to cap
all phenol groups. 28.15 Grams of di-tert-butyl dicarbonate solution (80 percent solids in

toluene) and 0.38 g of dimethyl aminopyridine (solid) were incorporated into the solution in

-38-



10

15

20

25

30

DI CY solution [10 percent 7.72 7.61 9.29 9.29 solids]
2E-4MM solution [20 percent 0.483 0.15 solidsl (9g)

wor@kfiiae? 2E- 4M  sol ution from Exanpl e 23 [ 28 PET/U82904/015772
1.619 0.19 solids] DOMNOL PVMA 0.70 0.10 1.14 1.18

5 péraibad o'k aper6@ of 1igtat 20P( WhilE&lting. PPSAGInG hasstned dhirit) B2
. 1.83 0.10 0.18 percent) 2E-4M concentration
incqrperetion of distge iy dicsshangss) Adtesgll di-tast-butyldigarhonate has been

Y
notic¥@aMdrehis ?’r@i%d bhade "THE Ed18GorPwas thatispdrente vitila lowi vdgosite

sol ution om 5 Exanple 23 acts as a | atent/bl ocked

catal yst. At tenperature | ower than_ the unbl ockin
{ erifhs Gactnon;Fenmes vieRgmRY ebXA-925hy Was 1 145 hy't pad the Agmgon-Fenske

ﬁs%giiai&%g##@%&gysss %v%s Zé.q%g”?. no catalytic activity

arytic-actrvity than
2-ethyl -4-.met hyl i m dazol e. We he.t enper at ur
reaches fmg%éﬁ%'m?c"gp‘?@ ﬁ‘raéﬁ"l?é’fnﬁt tB? B{,le of, gr °g1§§ 8?@‘? ipgeml novolac
iAGHithekdbuBfl chftoniR YrdupRitasticalff ftheed tHBIMMon Vs8R pRobabl
reSlso 1uti onu?iom E)Iganp%ire pgi?i}ai ﬁ%f}éases. Furt heornrmre, tf?go oY
becaussiof lesg hgdrogerebdndingleffaet. hyl i m dazol e sol ution from
Exanpl e 23 shows al nost the sane catalytic efficiency

Exdnfyd@28- et hyl - 4-net hyl im dazole at a tenperature
hi gher than the unbl ocking tenperature. Exanple 25 A

nodi fi eds ph&iAbd BR¥RhAS ?Ux%ésﬂ[‘sd&@@oﬁ@ﬂ"eﬁﬂﬁd th #glass bottle,
gl ass bottle, equi pped 5 wth a magnetic stirrer.

equitipe8 wvithr ammegusticXrreR 5139 . 3G of DT M. 2O0 bserhinated | epexipiesin

50 t i [ PVA e '
sl P SEEob BN A e B e bl 106
Gramdifdi 8- By dRabHARB QB (80 RAGRHMoLEE ifioticdE) addl. Y43 g of
dicarbonate’in order to cap all phenol groups. 28.15

din@ftgirsmixfopgidine (solid) wete idcarpetsteddnte thosalutigmin(@gtions over a period
ercent sqlids i.n toluene) .and 0.38 ¢ of dinethyl . .
of Bl fconG Spueh sty cpeginat B b FEfporaton of di
tertSH (i @b drite. 3Btter 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, N, inlet, addition
funnel and thermocouple was used. An 80 percent solids solution of D.E.R. 592 (10 klg,
dark brown solution) was charged into the flask followed by the addition of acetone (589 g)
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WO 2004/ 113427 PCT/ US2004/ 015772 5 portions over a
period of |Ih, at 20C while stirring. Foam ng happened
waleoosngg4the i ncorporation of di-tert-butyl PCT/US2004/015772
di carbonate. After all di-tert-butyl dicarbonate has
to rddf8&dthe sHGADR Q{s@és@?’ Dittet-bis1 BichibbBate (163. 58/ doldrRes Mqdd) was
stirred for 18h af 20C. No foam ng was noticed after
thentadided foethé oshcto and the.solitien sk hedtehtod¥Ct Mimspul aminopyridine

RN AR C e
soluﬁxﬁ‘ CTﬁé b f?(f)n fnj%@eéa@@ bldred %Me Weso R r@dﬁc%tthe Eﬁbﬁnt of

hat cappi ng the phendl groups of
5  foanpihg motherreamd>ra cAftereh;a atditicnhwaseromgete.ythe sxdummsestgredlfpr an

addibga gt Ao SRgaRE R o iar Agrel Rac Rk BREREY wosg in
colofafiPRiLEd %ﬁh%ﬁ E‘a}xﬁgmﬁ@%h h6 DuPblsPleidid. was
prepared in ass equi pped with a nmagnetic

9. 3 G ans of D.E.R 560 brom nated epoxy
tion (70 percent solids in DOMNOL PVA) was
wei ghed

th I tl 10.6 & f
- Der e Iyt Exfdiep ReumBians én osAORL P ble oo were
bl
0 el B ThoRA et it T ey e
portions over a period Ofaﬂé)& nut es, at 25C under

St+Ag—F perred—durTngjtheTcorporat o of
di- tert- buFEﬁj Hra 16§onat e After jall of the
modlﬁedﬂlEbl,ﬁB%ohuipm?aldmﬂMQEmmlq Fcarporat ed i7pif, t he

was stirred for 48 h at 25C  No——

trrr

Ex -2

_f_o_anj_é@_%&&spﬂmtan&iﬂrperﬁmmldﬂ his perliod —of ti¥% 32 The
sol n:rmwam@mw&%h@_g ' 1617

resin soI ut onZE%éS% 62.3 cSt: and the Cannangnske

Vi-S6054 y—of FH-ed—D-: E. R 60-—brontnated EPOXYy
resin sol uti 5%0?/%;@98 0 cSt. Thig Exanple shows that
cappi ng stréle cereomnmisiar@ 1509dr oxyl gradups of the265s

br om natrepebg egidnay gl teé @IHAT ut i on wilth tert - bulyb
carbonat e groups reduces the solution 25 viscosity,
probably because of | ess rp%qéxgﬁn bondi ng effect.

27 T

sl
|_Aa||p| e—=+ LE] at !E ligénl S g le 28D
Exanple, a fo '162% ottti TRAPOR) ek e _neck

fitted Iid cmd19é‘t§1fptpﬂ§ec WisP1¢ fer 1éondeﬁ§‘é9f°fﬁ%chanl5@£f°r15

1907Ge| mimeS T AP CrocRingss 190°C
podsdila BlditioD | n| winutesy ddi |t higHes 18P ke C
Pvas BieedAj 80 fsicent| &5P§ piEuiesy ut@b?ﬂnﬁ?“t% H. %fg giutes,
(1ﬂ ka 30 dark -brown ol ufgorpﬁl\ Wals Chlu yéﬁL i S1
fILéWN?‘BIFI oyed by the gddition of bcetone (589 g) -39
| BOEBAIED, o 27 F’CIé"C’LCO—"”’bOoiST’T’d% o—tetuce—H —
soipyéaraﬂ& Vi <l_l5§‘f'”tag9 tertrcl“ﬁﬁyl ibrown fkndy (16 o dy
6 ”IaeTUT( S+ quru; WS then added—to the Teactor
E‘(T)ltt 1%0|Lt|0n was hdated to 40G Di net hyl o
ng,fﬁg ggbre (0.48 g,| whilé@7ryst al | 1#d8Gol i ) &Y
I'ssegyved il acetone and added drop-wise to the
T 260 (min) 7 7 7
Td, 5 pezg(e:l)lt wt loss 302 302 301
CTE < Tg (ppm/°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

-40-



solution. The addition proceeded over a 30-mnute tine

period to reduce the anount of 5 foamng in the
WO e@etiox27 After the addition was conpl ete, thePGDUSI0ONST772
was stirred for an additional 3 hours. At the
Db@gioomineseof t hi 43& i ne [peri g7 the sol wkdson s danlgé
Db@aesMilz2s°c @l or @oud filil ed ot h bubbl esn.01At 0.01
Rio@PIGEE: 2870, |no_ baibl es [r emaB.Aed. Hxanpl¥s 28A-128D BAS
PhedeHExBaplles, 0.0 fornul af.Pbns, las dedlri bed in Olé

EXtagl g%,ebgﬁ/ were 10 prepared; and the properties
e shown in Tabl es XX and XXI bel ow. Tabl e
XX. ATI_.ON npdi 592 sol yt i
descrl b t{; EXAMpIS ? %@ns,[a;ageﬁca%gi I&géﬁﬁﬂg‘fb‘ﬁ@were
profip8nd A0 SeRRRASH afl sl XTI 201 ¢

t1on percent solids 161.7 acetone 80 2E-4M
1341. 6 g [ 10 percent solfa%fe%ERTl ES stroke cure

\: 1 0C 200 o

I CQ\JLI VTl [JI C |T l CDI Ual \‘JCI l] e J.lUb
81 s Table XRUESHON e 28A Exanplle 288 Exanple 28C
Eixdifigall IBE.RB12 sd@DCasfdescrit@@ inZO®IE 2 |15 150C foyysdp 150C
for 15 pref9perentsobiddl ti ons i nutels. m nut pq + QQC
ni nut es -+ DIGWEOpereant solids+ 190C 100 jpsi f or  9@643iS8ut es,
for 90 nmi &MH&QP@QGmS@jliS]m nut es. i 9 i
LAM NATE PROPREHEREES gppear ance brjown and cl ear brown
and BT OVitoehke sadiN@y@Bsewn_and _ cljoudy cl oudysrs

[ Tam natﬁep@r(muﬂ efd@m@@)70°dgl (15F [167/172 1744180
1 1/ scan)/Tg2 (2a scan) C T PR60 mn 7 7 7 Td, 5

ercent wt | 0$s Eéhdple30P BihinpleC | Example Example
P 1 2%% 298 296 2op | Bxample29E
130°C for
o . 130°C for 15
175°Cfor | 1 50 gor | 1OMUOMES | yosocfor | minutes +
. . 60 minutes, . +175°C 60 minutes 175°C for 60
pressing conditions 100 psi 60 émnufes, for 60 minutes, !
0 psi . 45 psi minutes,
mmutgs ? 30 psi
60 psi
LAMINATE
PROPERTIES
yellow and yellowand | yellowand | yellow and yellow and
appearance clear clear clear clear clear
laminate Tg (mitd
L s
SC:I;’)‘/‘,?;ZT(%L(:C%) 154155 | 1567155 | 1527155 159/159
CC)

T 260 (minutes) 7 7 4 6
4,5 Pe;sg;t wit loss 301 302 302 301
CTE < Tg (ppm/°C) 114 65 84
CTE > Tg (ppm/°C) 208 1 242 233 375

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 4.34 4.49 4.28 4.1
Df @ 1MHz 25°C 0.01 0.01 0.01 0.01
Dk @ 100MHz 25°C 4.36 4.14 4.29 4.08 3.96
Df @ 100MHz 25°C 0.01 0.01 0.01 0.01
Dk @ 1GHz 25°C 4.36 4.09 4.12 3.92 3.79
Df @ 1GHz 25°C 0.01 0.01 0.01 0.01

-41-



10

15

20

CTE < Tg niC 26 42 65 CTE > Tg ni C 307 328 332 Cu

peel (Ib/in.) 4.4 4 3.91 3.85 UL 94 rating V-0 V-0
WO2@4MD342MHz 25C 4.56 4.14 4.05 4.03 Df 1M1z PSICUS2004015772

0.01 0.01 0.01 -40 WD 2004/ 113427 PCT/ US2004/ 015772
Exdapld 30MHz 25C 4. 38 3.97 3.88 3.86 Df 100MHz 25C 0.01

0.01 0.01 0.01 Dk 1GHz 25C 4.47 3.86 3.74 3.75 Df

1GHz 25CAQn&Efifd Qi%h Ghdddeufhr WeigHetBOB) 128in 281tidR Evak %retpﬁreed inalL

t hese Exaqu es, e fornul ations, &as descri bed
glassabiatorh equippedwitiea meckepigab stirranand dlecaping peeket emd fitted with a N

il LG, PR MFERY AR 14605 O b5 R, ARG R St Pasesant by in

DOWARGIPVA4ferd éﬁaﬁ%&i 1n{go7tﬁe P%IEG)? Bhd &f! tbﬂ?éra@l‘%aé@ontrolled

per cent sol I ds 10 percent solid
bet\i’mﬂ 88 3CCoH &8.8 Wirams efidi-ientitugyl HGb @R s;»lutmme[ﬁ@ egrcent NV

in l5gne) 84 890 o Bt o iop s lotns 1 Dateof N300 BEK] were
addtd Qféﬂ Risele the]szﬁﬁofl Q¥erlpetiod 6TC hb(RC Hodhihd Sdsuied iium(ljg the

pressing conditions 60 minutes, 60 mnutes, for
incorporstion of dirte@-Huyl db@rbahat q@@duﬁ@thpham%pymhmn Afiersd] of the di-

teroy ey el puioRtn i b o the sofiton, the
solution was stirred for an extra 2 hours at 25°C. The solution was transparent. The

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

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

foaming agent additive in electrical laminates formulations.

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

Example 31 and Comparative Example XV

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

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

Table XXIII.

FORMULATION o Comparative Example XV | Example 31
XZ-92567.01 [65 percent NV] 543.1¢g 19942 g
XZ-92568.01 [50 percent NV] 6934g 23514 ¢

modified epoxy resin described in Example 30 254.1
[40 percent NV] B
DOWANOL PMA 584¢g 1224¢
2E-4MI 140 g 5 20
[20 percent N.V. in DOWANOL PMA] ~°8
PREPREG PROPERTIES
prepreg residual gel time @170°C 77 s 728
prepreg minimum melt viscosity @140°C 492 Pas 410 Pass
. diti 190°C for 90 minutes, 10 190°C for 90 minutes,
Drossing conaitions keflcm® 10 kgf/cm2
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 (1St 154/155 156/ 155 152/ 155 159/ 159
w@e@a)idlig2 (2nd scan) C T 260 (mnutes) 7 7 4pGI/UImN4/615772

percent wt |oss 301 302 302 301 C CTE < Tg m C 114 65

BfEh presktre coolker FB6{L128@Bnu4 2 4380 peféent phds/waeddick( | 100 yredant phes/rater
5. @P205C/906 séidedip @26®@) r at i[ng MG 027@ervbnd V- O pickkep $ 0B percent |
DR hicasdreb@ 0@MHA 4N Brodnt 28in4. |1 Df 182 25C 0. 91 0. 0L Q. 01
0. OTordbnt, TOBNIE E2B63) 4. 36 4. 14 4.29 4.08 3. 96  Df TOOMHZz

D2im&stred@ 100MHz (B3 Bfced redih 1GHz @® 4. 36 4109 4. 6-8064
3, 92oBenf,g628ftfpe E@ldss) 25C 0101 0. 01 001 0. 0115 -41 WD

2 Ofwdin] drivddd Arele@SE/ rai82GN4/ 015772 SR KM e 30 A nodl-39iE4n’
hi gh nol ecul'ar wei ght epoxy resin solution was
prepared in a_1 L glass reactaor,

] pped wi
The disirie constast PK(0& 1 HRAPTORGTRRC P LR SRAAlRh Vg4 tedhuoed by

with.a N2 | iti faun . .
7.5 b ol 1 8 PR K ik R AR e XV PPglE RS marix
compbiitioMEsxeert ies @@bporouvadditive. €Rtrtloss factdr Dfiwat elsp eedated by 18
was controlled between 25C and 30C.. 118. 8 G.ans qf
percght. tIRgspitp theynaneparensigiuge, dbg YYE“iebHPtF]S@I‘EéE% sqlglengesistapce
t.ol ven an . f di ' el i
e R a3l b AL PN PR i
Exafifpld!31 @fs RiRiasal tyasvieps pércenthvomipared fo teimvg-moeonsrCadparative
during the incorporation of di-tert-butyl di Cacllr bonat;ﬁl i
Example X?fmth {he samemeAl¥ PoMBRSition, ex¢ephhe ngpoRasRusAddyiye. The fan
tent - but.yl, di carbo [ . _am .
R ol SRR T e BRI it Beimaion
of 11§ égok§ Qeﬁ@ﬁc}ﬂfrbﬁmﬁh.r AltBoleiiic vithi2® (e beThvand by ahy treong the
e

transparent. theoretical epoxy equiyval ent wejght
nanouesidsigancact ppensteyshspsesersdioy cragkrebshipaionsiagthe radips aighggrack front

tineq b bRy 5ot doospte e tFARK YoaHAGh, 0 Hass LARMAR0
tempEralthE rdaRRRANcRARkE. Sils-af6iohyizeidoRafbsel chvificsre G68¢d in the

solution [40 percent i
epoxy at higher magnification. The average pores diameter appears to be about 100 nm,

ranging from less than 30 nm to less than 200 nm. Because of the distortion of the sample,

precise analysis of the pores size was not performed on the SEM picture.
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N.V.] was 1542 cSt; and the Cannon-Fenske viscosity at
25C of the nodified D.E. R 669E solution [40.4
w@ergamn42N. V.] was 743 cSt. Exanple 31 and ConPeX/a8100€015772
Exanple XV In this Exanple, the fornul ation, as
WHIEE 8 ChadvipD IShe tabl e bel ow, was 20 prepared and the
properties nmeasured are shown in Table XXl Il bel ow

Table Xq11. £ b iR dres S aRRE BoifMising the steps of:
Exanpl e 31 XZ%# 01 [6 perglgedﬁ%‘ NV] 543. 1 gsglﬂgzegsepSO

XZ-92568. 01 [ ner 93. ’%@é% b LEd:

epoxy r &?n oég%lgg B’Eei |Ir)1 %rﬁepffeaﬂfgg 4. ilﬁ’g%%g{jbﬁgﬂe
percent NV] DMéNdaRybya8acting28drbgon adive @dups of thegorganic resin
5.20 g [20 percent N. V. in DOMNOL PI\/@ PREPREG

PROPERTI ES prith & §ompeynd gentairing theppolpbiggrppps 725

prepreg mnimumnelt viscosity @40C 492 Pa.s 410 Pa.s,
190C f or(bY0 rpreparing,a comppsition yblading the peggnic rpid sentaging

diti k f/ 10 k f/cmn

cppear ance op iSRS IFRLAE THIRSEe s

2004/ 11367 POTRI gsdrs re HernglAby: weut @aipbte e orgnc
test (120 M MLES PR BHGERE aRBIc IRLgRtEK 100

percent pass/wate S solder dip 260C up = 0.27

percent pick- = 0. 30.per.cent., Dk asu .
(43 per cent r@gff progess gt gf%@elc‘gh?rslﬁttﬂgﬁfggtgy}%mm‘
E- gl ass) Df neasured 100MHz (43 percent., resin 0. 007
0.0064 %ont ehie Pl‘?e%sg% ???émé ﬁfl%l@’é‘)tﬁ% PrEaS TesH }Sg%‘?le"%d%m the
_ . .
ol LR Bf EppSpiin S rtog OIHAE ropR, pSpR b lne
polfckterassirise polgetletrysing, bisnpeeinndd trinvinp acsét, cyanbtieester resins, vinyl
non- por ous Conparative Exanple XV with the same matrix
estes geiss hydraparbLiesigs, W@W%ﬁﬁgﬁh&‘?gwaddi tive. The |oss
factor Df was al so reduced by 18 _Stﬁercen_t. Despite .
t he nanopor ouheprogess of Elaimhlewhereisrthe prearis rese 1% #eePoXy resin.
sol der resistance remained unchanged. The strain

ener gy r&l easEhe prioeesSiof Cidimt heheraimdpo prgasiclresin i brogfinated

the .
€pOoXy resin.

6. The process of Claim 1 wherein the organic resin is a phosphorus-
containing epoxy resin.
7. The 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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Exanpl e 31 was increased by over 32 percent conpared
to the non-porous Conparative Exanple XV with the
W@ 2098/108RT | X conposition, except the nanopor OUBCT/US2004/015772
additive. The fan- shaped epoxy fracture regi ons of
the Exampl e Jhe(pseRsSdMain 1 whehih GrttRerthotdbilegroup is a
deformation 10 of the epoxy resin rich regions.
carbahstaough not wi shing to be bound by any theory, the
nanovoi ds can act as energy di spersers for cracks by
i ncreasilng t MeherpaokessoClatnhé wireaeik tHertbermolabiileegrourf isttére-butyl
pores size is adequate. Despite the higher toughness,
Cafbloﬁétegl ass transition tenperature remai ned unchanged.
Sub-m cron size domains or cavities are noticed in_ the
epoxy atl3ni giihe pregsss off Glaim drwhergie the thermpdabilgrazqup is present in

di anet er .appears to
e i 2 St SR Bu R SR B ARG S
varH§Sis BetvieeA aBoutl0N® weidhl forcenPhRCibdat BOvkipht feroéntf Bised on solids.
pores size was not perfornmed on the SEM picture. -43

VO 200411413424, ALTILSROARY A inl Tk, CLAL VD 1

1. A process nanopor ous substrate

conpri Si ste gy

of an orlggni Eﬁ}eég? i3 glt?ﬁglﬁqr%l“q{)?%lﬁ hﬂ%ﬁ%%]?lg%a %’chetate of
glygoeaﬁgfswnhyﬁgéggﬁae@[ctlve groups of the organic reS| n 5

a compound cont ai ni ng thernol abile group; (b)

pr epa“ NG, a §éefsé eﬁcﬁﬁnhh%aﬂ tH B VRhBRPrésefittifial amount

containing thernolabile groups with at |east a curing
of fage abqut 40 gatcio dbloet Gapdrts. degr adi ng t he t hernol abil e

groups grafted on the organic resin such as to

produce ¥, nanmqirocsss 00kEmAtiacludiig 2.cafthyst for doesctmpn between

Caim1l wherein the substratelsal ate. 3. The
the prasuisgssin AndyhgicAmmoupbeEIHNINE SheheaR gb PYP-i s

sel ected fromthe group consisting of epoxy resins,

phenol i c18. esi T prpodsy ofCtémr1dsvhessin dast qasatysies dimethyd

pol yester resins, polyether resins, bisnmaleimde
anmPPYYRE r esi ns, cyanate ester r esi ns, vinyl ester

resins, %drocarbon resins, and mixture of thereo

4. The phbcesEhamroesssphCiitiewVRaraing ‘:ereé?tb‘ﬁhl?eéwf’eé’s ﬁofgfmc
0x ke
resf g ¥ Copls B8 gniginink e RIARGA ok § Aok o Rffeluckier from
aboRt P5°€SH BbutdsaCcm 1 wherein the organic resin is a
phosphorus- containing epoxy resin. 20 7. The process
of O ai mg WheehBcdh o ClARN ackefghdihgatheépwpyastie sompound
W th an epoxy equival ent wei ght hi gher than 500. 8.
to tHhearptshct@kmvemitheGllallemw cohstad$.n t he hydrogen active
group is selected fromthe group consisting of

am nes, phenolke probéss Io$' Cldmrﬂ(bwb{érem tha¢ thetrodpdastizrdongeynd is
| actans, carbanmte

polyphagsizs eor gobBhaDTrRe 2At el 108 FRGRERYlene other
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25 9. The process of Caim1 wherein the conpound
containing the thernolabile group is selected from

w0 b@4graep consi sting of dicarbonates, derivatPeBESIN4/015772
di car bonat es, carbazates, derivatives of carbazates,
and m xtures thereof. 10. The process of Claiml
wherei n the conpound containing the thernolabile

group i er t ARWEhiteSar iBon adHo 2004/ 113427
PCT/ US200%/ 015772éé'|’n11. @ﬁgﬂg?%c%%%"o B e i n

t he ther@ﬂ éb%rllcgrg%ﬁ%&iﬂ's a carbonate. 12. The

process eréin the thernolabile group is
tert-but carbonate. 5 13. The process of Claim1l
wher ein e ¢ hERRT PR teabuRBIE PSP 4, o
conposition in an anmount such that the weight percent
of t her n$) abi PRélogABYIAgOlVeRts he varnish is between

about 0.01 wei ght percent and about 10 wei ght percent,
based on2%ol i Hee compositiva qf (daies?2 whereindberonganiearsigiinglected

a solvent. 15 The process of aim 14 erein the .
frod it eendipgg fROD R o PPy goe g fEpgmide
resing, eﬂ&}?gsééf £3inshsS18Gher rddins, bigaRiRER B aRhe Fdsiis@yhdate ester resins,

wherein the solvent is present in an amount of from

vinglester résihsphydrecarboreiesios, 280 npaiursof thareoffhe process of
Caiml including a catalyst for the reaction between
t he orgapd.c rEhé¢ compubitideofClaipo2hoheeht the orgagiciesin is selected
thernol abil e group. 15 18. The process of Caim 17
fromythe sionp carsigingatpdrominated epexy FesingRPRSBYPIUGFARAIRE CPOXY
Th : . : . . .
rosi @ GicAS 8o Qe Sl NG ek L IeBB 300y S iRture thercof
thernol abil e oup is.don t. enperat ur.e of .
about 156+ o TpEmSEeRE Gyt BRRE Y Weroiabllf fqup s
carbétatdldi ng adding a thernoplastic compound to the
varnish to lower the dielectric constants. 21. The

process ’eSy?ié%%&g‘?%?Hnedggléigﬁﬁ ERRPIR Sl drnoBP SHM is tert-

is polyp enyl ene oxi de, or
butgl daybaaiated pol yphenyl ene ether. -45 WD 2004/ 113427
PCT/ US2004/ 015772 22. An organic resin conposition

conprisipg: (The dmpostash ¢f Cl8im 22 whbneirtthe dig@ulibile group is
containing a thernol abile group; and 5 (c) optionally
present i areamount such that the weight percent of thermolabile groups in the resin

composition is from about 0.01 weight percent to about 70 weight percent, based on solids.

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 agent.

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, which is 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
WO e®iuns342phenol i ¢ resins, polimde resins, polBRerUsm®04/015772
resins, polyester resins, polyether resins,
bi snal ei 3 de ki efeckriEciffticBfpofdtR AMiRg 88 iRU1akRS chsting of the
vinyl ester resins, hydrocarbon resins, and m Xture of
orgatie resiif compostion apiserdingntoddiiti Ih of C ai m 22 wherein
the organic resin is selected fromthe group

consi st of ,a _brom pat ed.epoxy .resi.n, a . . .
hosphor T2 coftTEPHOnG! BBONTE § Eutat e, Smerisina gopting the atcle
withiah Brg’ﬁiii@dé&ih)éc&ﬁﬂing% EMim'P2, S hdakiaP e doRfd a5 tPdifle the
m xture thereof. 25. The conposition of Oaim22
orgamenresiim t he thernolabile group is a carbonate. 15 26.
The conposition of Caim22 wherein the thernolabile

& i m 22%ier ShRBe R ARG 8 A G R R AU,

an anmount such that the wei ght percent of thernolabile
groups i B6.t heThepideessaICh4ifi 33 Wherein the igtad fisilis aopper foil or an
wei ght _ioercent to about 70 wei ght percent, based on
aluginung §0il. 20 28. The composition of C ai m 22 wherein the
solvent is a ketone, an acetate of glycol ethers or
m Xt ur esy4 her .canposition of Caim 22
wherei n The Sg%fg%l‘t%gfglﬁ rséfsi%nt in an amount of from
about 10 parts to about 60 parts. 30. A varnish
prepar ed(dy bhewdienfpbriecandonposition of Caim22 with
25 desired additives including a curing agent. 31. A
fiber rejnforced conposite articl 0 Ising a
matrix, ‘Hcl udf AEERGHCHR ﬁ%?@lt}cg’s&rﬁﬁﬁrg 'si tion
according to Claim?22. 32. The fiber reinforced

conposi t ggar t ixClhfiphe driprBinkl, Which is a |amnate or
a prepreg for an electric circuit. -46 WO 2004/ 113427

PCT/ US2004/ 015772 33. An electric circuit conponent
havi ng af®)i nsaisehstraty ineluding gn efgenicaesip cganpytiowef Glaim 22, and
conposition according to Claim32. 34. A process of

produci hg.a ¢ ich. | S '

B ticl e ¢ e yepo Db ifosP e BR e B e SELHRL LR supotate
and heating the coated article to cure the 5 organic
resin. 359. Thehpimaiase ofCldiins8witstcintiies Qibstrath durédier camprises a
is anetal foil. 36. The process of Caim 35 wherein

reinfprcepentot & wpyen glass falyjspwherey the grganie resin gagd ﬁ&tﬁxdrﬁmn are

imﬁZ@a@édoénet@lE%v%H@%é fhbpg: 10 (a) a woven fabric, and
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 light weight composite made of Claim 31.

43. A blocked 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
woe@ania2T esin conposition of Caim22, and (BQT/ES2004/015772

| ayer of netal disposed on at |east one surface of

sai d subgt r at & stolfpe3tablelfiR-pRR e §sttin fdadé 6T @Borganic resin and a

wherein the substrate further conprises a
blogkeguningragemteiiClaim 43.woven gl ass fabric, wherein the

organic resin and a hardener are inpregnated on the

woven gl4ss fAhorganic4esin dolptiomoeQlaim 22 rigpt hterdiic¢sei)tive by-

made of the amnate of Caim38. ~41. An organic
W”@%%FWmQ%W%¥§@Hnﬁﬁﬁtﬁﬁpﬁg?QFWF@FmQOP@éEg@ﬁm§iscosity by

at 20 | east 20 percent conpared to the non-podified

or gani ¢ 4%si nAB@rasnicasin gompgsitionpacording e Clasnp §ayiag an

. d Cl ai . . ck ' :
impf0ER Bl opad Pinstieft S G Bl B AO S Hon JRIG AR organic
resih REmpBSIFiGR Watholies @mesonsd cétainthg Athemtolgfiledryey. nmade of
Claim 22 where the reactive groups are 25 capped wth
t he t herjpl abirh £,,98QERSin cohlpodfloA P difn342 W herein the composition
PCT/ US2004/ 015772~ 45. A sté%age st abl e one-pack resin
furthgrsdomprivesi Gbafreimforcengant, wherein ithe engehnia resin avka hardéney are
. agent af aig143, 46. An organic resin solution of
impeegpatadptorthe fiberTeEUERBNty cact i ve by- product
conmponents during the cleavage of the thernolabile
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 conpound
containing a thernol abile group. 48. The organic resin
conposition of Claim47 wherein the conposition
further conprises fiber reinforcenent, wherein the
organic resin and a hardener are 10 inpregnated into
the fiber reinforcenent. -48

D
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