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A major limitation of epoxy resins, particularly those intended for high temperature

applications, is their inherent brittleness arising from their crosslinked structure. It is
15  documented that development of approaches to toughening epoxy resins without
sacrificing modulus and lowering the glass transition temperature (T;) would lead to an
expansion of their use in areas such as primary aircraft structures, molding compounds and
electrical and electronic components.
Methods for increasing toughness of epoxy adhesives are desired. In applications
20  in the electronics industry, however, compositions that also maintain good thermal

stability and adhesion to a wide variety of substrates are desirable.

Summary of the Invention

One method for toughening epoxy adhesives involves the incorporation of
25  thermoplastic toughening agents into epoxy resins. Polyimides are examples of
thermoplastic resins that rﬁay be used for toughening epoxies. The resulting epoxy-
polyimide adhesives are defined as polyimide “hybrids.” Polyimides are synthetic organic
resins characterized by repeating imide linkages in the polymer chain. They are noted for
their outstanding chemical and physical properties, particularly their high temperature

30  oxidative stability and strength. However, most conventional polyimides, especially



30 oxidative stability and strength. However, nobst conventional polyimdes,
especially 1 WO 02/04572 PCT/ USOQ' 30829 aromatic polyi mdes, are
extrenel waoi/b4scult to process due to their high softeni nBCposow®$29 as wel |
as their insolubility in organic solvents. It is desirable to add these
polyimde resins to epoxy resins in anounts great enough to maxim ze the
t oughness of the resulting polyimde hybrid adhesive 5 conposition. For
many apgohmatit polytmides\sey extreniely disficldistorpatdess due taltheir highsoBemng peintsyi scosity
in the adheiiv co ﬁé}i,tion SO ,thaf it may be hot-nelt processed into
usef ul asaMebas their insofbility ip pegapicsolVERSor di ng to the present invention,
polyi m de i S é&h&&%%&&’dtr%wuébngmi&&&émswbﬁos{?\fesmwums edth the anount
0 pre

of preferably about 5%to a 0% nore preferably about 20%to about
40% by ewsiughto maabuide the toughaksswdithghtesulfing helyirdide iybrd adhestygposi tion, to

provi de enhanced physi cal praperties (such,as | gh_ al nsition

t enper a?(HP%O,S%‘I‘E;‘) Pp g aﬂ%‘?“ﬁ@&’%itr‘ﬂge‘ée(r’\/’l{flésc(z)eg‘r?@e Pch%fo ﬁlgﬁﬁ%a(s%{/lvﬁcéﬁough to allow
hot - mel §iscddit) e il ddbesdVe & itiRelR6 $hat @SmayPe hottieleploebysedlingsiiegilves of the

i nvention al So have nany advant ages associated wth cure thereof.

Pol yi ni athebiyb films.agherefoye acegrdingdo thewnsesentoinvertipnppolyimide isipeerparated
controlled rapid o | 1. r.api p b obtain
api o olfgeeh BRoAY aHsTis ool the Rl CERRrRE o308 ABLESHR 10 21 ey
rapi d cuioge ﬁlefdﬂéllbﬂy ﬁ&g}tdomogabomdlbyy%}gﬂwbﬁhéﬂ atetoby! veight aflithesidiesiveof  t he
invention are also able to be cured at |low tepperaiures. Low.curing

t enper aCURRRSItiNe toyproyidg eahangad physicahprogetiss ﬁsuﬁﬂgﬁ)ﬁ\g‘g?‘ré%sé tragifie’ i ve syst ens
to be ugil] [ ] : i s of v | I [N m ni m zi ng
20 ¢ ner faipefits TpEyE RainARing i bp R S0 Sustl (D RO Hol Bt T

assenbl yproopsingtdfahese adisives.m de hybrid adhesi ves of the invention are al so
able to be pgocesseﬁ@bn aé]h essegéhi al | ﬁ.sollve t-free nner. Sol ven -free
pol yi mi de hy plyimidg W‘Q}@ 1CSIVES BESIP IaiG flon,also gye mARy aVANASEE SRR posur e
t 0 or gapith MAPRERANBLIFInARE hytRIddhEsiv@&UIaRe fnlentidnSapbe bure@withrid expl osi on.
These solvent-free polyi mde hybrid systens also contribute significantly

25 1o coopiadllad capidicere. SContnojtedirapid curgjahdany being ablarte sbtam iepideamggirad,  when
proces Sél? u%ﬁlz%ig %quapgrbﬂhiogon?g Qrf'\e%éyvﬁl%ut(?f&;nrt]%llieg' \xlzﬁ)rllci ;ln?rre] allows rapid part
assembly. Polyimide hybrid adhesives of the invention are also able to be cured at low
temperatures. Low curing temperatures are also desirable because this allows these
adhesive systems to be utilized in a wider variety of applications. In addition, minimizing
20  thermal input helps save energy when these adhesives are used in assembly operations.
Polyimide hybrid adhesives of the invention are also able to be processed in an
essentially solvent-free manner. Solvent-free polyimide hybrid adhesives are desirable as
they minimize worker exposure to organic vapors and significantly reduce the risk of fire
and explosion. These solvent-free polyimide hybrid systems also contribute significantly
25  to compliance with stringent air quality standards.

Furthermore, when processing polyimide hybrid adhesives of the invention
according to the preferred solvent-free manner (e.g., by hot-melt processing), residual
solvent in the processed adhesive is eliminated, or at least reduced. Residual solvent in
polyimide/epoxy adhesives may create bubbles in adhesive bonds (i.e., “popcorning”).

30  Such popcorning may contribute to adhesive failure and/or corrosion of electronic
components. Solvent-free processing according to the invention eliminates the need for

resource-consuming solvent removal steps.



according to the preferred solvent-free manner (e.g., by hot-nelt
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from hydmoegery4shal ogens, al kyl s having about 1-12 car bonP@r/os®/30819% oxys
havi ng about 1-12 carbon atons, and am nos. As can be seen from the above
chem cal structures, the termnal end groups may, optionally, contain one
or 10 nore functional groups that are reactive with an epoxy resin. An
epoxy resin and an epoxy curing agent are also included in this polyimde
hybri d adhesi ve conposition. The nunber average nol ecul ar wei ght (Inh) of
the polyimde oligoner is |less than about 8,000 grans/nole. This requires
that nin Formula | be controlled to a range of about 3 to about 6, on
average, in the oligoner backbone. 15 The conpositions are thernosettable.
A "thernosettabl e” or "thernosetting”™ conposition is one which can be
cured (i.e., crosslinked), for exanple by exposure to, preferably, thernmal
radiation, actinic radiation, noisture, or other neans, to yield a
substantially infusible (i.e., thernoset) rmmterial. Conbinations of various
curing nmeans nmay alxg.be used (e.g., i#ation of heat and actinic

radi ation). 20 This™ |_m h d ' onposi tion may be
solvent-free and c be nma actw/ed and pli in a hot-nelt process

utilizing nmelt processing of the adhesive conponents. The adhesive
conpositions of the present invention are particularly useful in
R; and R; are independently selected from hydrogen, halogens, alkyls having about 1-12

carbon atoms, alkoxys having about 1-12 carbon atoms, and aminos. As can be seen from
the above chemical structures, the terminal end groups may, optionally, contain one or

10  more functional groups that are reactive with an epoxy resin. An epoxy resin and an
epoxy curing agent are also included in this polyimide hybrid adhesive composition.

The number average molecular weight (M,) of the polyimide oligomer is less than
about 8,000 grams/mole. This requires that n in Formula I be controlled to a range of
about 3 to about 6, on average, in the oligomer backbone.

15 The compositions are thermosettable. A “thermosettable” or “thermosetting”
composition is one which can be cured (i.e., crosslinked), for example by exposure to,
preferably, thermal radiation, actinic radiation, moisture, or other means, to yield a
substantially infusible (i.e., thermoset) material. Combinations of various curing means
may also be used (e.g., a combination of heat and actinic radiation).

20 This polyimide hybrid adhesive composition may be solvent-free and can be
manufactured and applied in a hot-melt process utilizing melt processing of the adhesive
components. The adhesive compositions of the present invention are particularly useful in
applications that require heat resistance such as laminating adhesives, flip chip adhesives,
anisotropic conductive adhesives, covercoats, and encapsulants for electronic components

25  in the electronics industry.

The polyimide oligomer useful in the present invention may be synthesized by
reacting 2,2’-bis[4-(2,3 dicarboxylphenoxy)phenyl]propane dianhydride with
phenylenediamine. A solvent-free method for manufacturing these polyimide oligomers is
disclosed in U.S. Patent No. 4,585,852 to Lo et al., wherein the process involves (a)

30  extruding a first mixture of an organic diamine and an aromatic bis(ether anhydride) under
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1, 31%i s(2, 3- pr'amsi@mgn@ﬁwyyrmﬁlém @ mqhybp ibg@repared from other
monomers. Other dianhydrides that may be used include, for example,

2,2-bis[4-(2,3-dicarboxyphenoxy)phenyl]propane dianhydride;
4,4'-bis(2,3-dicarboxyphenoxy)diphenyl ether dianhydride;
1,3-bis(2,3-dicarboxyphenoxy)benzene dianhydride;

20  4,4'-bis(2,3-dicarboxyphenoxy)diphenyl sulfide dianhydride;
1,4-bis(2,3-dicarboxyphenoxy)benzene dianhydride;
4,4'-bis(2,3-dicarboxyphenoxy)benzophenone dianhydride;
4,4'-bis(2,3-dicarboxyphenoxy)diphenyl sulfone dianhydride;
2,2-bis[4-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride;

25  4,4"-bis(3,4-dicarboxyphenoxy)diphenyl ether dianhydride;
4,4’-bis(3,4-dicarboxyphenoxy)diphenyl sulfide dianhydride;
1,3-bis(3,4-dicarboxyphenoxy)benzene dianhydride;
1,4-bis(3,4-dicarboxyphenoxy)benzene dianhydride;
4,4-bis(3,4-dicarboxyphenoxy)benzophenone dianhydride;

30  4-(2,3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diphenyl-2,2-propane dianhydride;
and the like and mixtures of such bis(ether anhydride)s.



20 4, 4' -Dbi s(2, 3-di car boxyphenoxy) di phenyl sul fi de di anhydri de;

1, 4-bi s(2, 3-di car boxyphenoxy) benzene di anhydri de;

4, 4" - bi s(W0 82/kis¢ar boxyphenoxy) benzophenone di anhydri de; PCT/US00/30829
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3, 3" - di nephyihhrodiphens ,eﬂ%r 64 w%xyahhnmp anZdRidifonaphthalene;
2,4-bis(.’beta.-anino-t-b 3/ ) t ol uene,
15  3,3-dimethylbenzidine; 3,3"-dimethoxybenzidine; 2,4-bis(.beta. -amino-t-butyl)toluene;

bis(p-beta-amino-t-butylphenyl)ether; bis(p-beta-methyl-o-aminopentyl)benzene;
1,3-diamino-4-isopropylbenzene; 1,2-bis(3-aminopropoxy)ethane; m-xylylenediamine;
p-xylylenediamine; 2,4-diaminotoluene; 2,6-diaminotoluene;
bis(4-aminocyclohexyl)methane; 3-methylheptamethylenediamine;

20  4,4-dimethylheptamethylenediamine; 2,11-dodecanediamine;
2,2-dimethylpropylenediamine; octamethylenediamine; 3-methoxyhexamethylenediamine;
2,5-dimethylhexamethylenediamine; 2,5-dimethylheptamethylenediamine;
3-methylheptamethylenediamine; 5-methylnonamethylenediamine;
1,4-cyclohexanediamine; 1,12-octadecanediamine; bis(3-aminopropyl)sulfide;

25 N-methyl-bis(3-aminopropyl)amine; hexamethylenediamine; heptamethylenediamine;
nonamethylenediamine; decamethylenediamine; bis(3-aminopropyl)tetramethyldisiloxane;
bis(4-aminobutyl)tetramethyldisiloxane; and the like and mixtures of such diamines.

In a preferred method of forming the polyimide hybrid adhesive composition, the
polyimide oligomer is combined with the epoxy resins in a solvent-free process, wherein

30  the polyimide oligomers are mixed with the epoxy resin and the resultant mixture is heated
and stirred until a homogenous mixture is formed. The polyimide oligomer may be added

in a concentration of about 5 to about 60 weight percent based on total weight of the
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The epoxy resins are preferably ionically clean in that they are
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In order to facilitate low temperature processing, curing agents such as thermally

and photolytically active catalysts may be incorporated into the polyimide hybrid
adhesive. These curing agents are incorporated into the polyimide hybrid adhesive

20 compositions at temperatures lower than the activation temperature of these curing agents.
These curing agents are preferably anhydride curing agents, hydrazide curing agents,
thermal cationic catalysts, or anionic catalysts or photocatalysts.

In a preferred method of manufacture, the polyimide hybrid adhesive is formed by

dissolving the polyimide oligomers into the epoxy resin at elevated temperatures and then

25  cooling the solution to a temperature below the activation temperature of the curing agent.
Then, the curing agent can be blended into the solution. In preferred methods, the
polyimide oligomer is dissolved in the epoxy resin at a temperature greater than about
120°C with subsequent cooling to below about 120°C, preferably below about 100°C, to
add the curing agent.

30 While not wishing to be bound by theory, the uncured polyimide hybrid adhesives
disclosed in this invention are believed to be principally mixtures of the epoxy resins and

polyimide oligomers without B-staging of the polyimide oligomer and epoxy resins.



When using an anhydride curing agent, it is also preferable to use a
purified epoxy resin. By purifying the epoxy resin, such as by using the
nmet hod de¥@pt/besd f or preparing the "Purified EPON RESI N BEBUSIOB0BIve
Exanpl es, infra, the polyimde hybrid adhesives are capable of having even
further inproved thermal stability. The purification process 15 helps to
renmove inpurities, such as higher nol ecul ar wei ght oligonmers containing
hydr oxy Irhgsﬁ @iyossityl cISfthdlé lﬂelnyirhideﬂagxﬁxiidl h(lﬂl&ts'_ﬁe Iislotlwirﬁmm_d ibafore euxier cSoh&at’-ﬁg% curing
agents such as thermally _and photol ytica active catal ysts may be

i ncor po?-BRllé’a“‘i"tht?‘PW%)ﬁ‘WS?rﬁ ldrﬁﬂg\ﬁwes HEHbAGam Yatielfing thegent s are
i ncor po s : 41

torper arap o et iR B, (K AE BTG el o FRREE SRR A e
These cuapplypimpgalyepdlgingide hpbrid aedlekivy campytiomie asmbstnge.agent s, hydr azi de

curing agents, therpml, cationi.c cat sts,.or i oni c. cat ts or

phot baat it ys s nojed adlisiup &pHBAS et Riand v S applostian Sod SFiraiesny br i
adhesi Vedutry, ab7Eid dBdirabill Rh¥idedhd GRICRRANIMILAE Al cURBEEaP chithultiVieofePOXY
resin at elevated tenperatures and then 25 cooling the solutionto a

t enper atheseadhssives forsuelvappligations. Paldpiveataiinerease thpstreciniahinteggbnef  Then,

the curi ent can.be bl ihnta th ob.ut i . [ ryred met hods,
t he pol %/1%%? %@16 HVF%%}%rasirgm%%égg ﬁil/lgx% "llcr%uflﬁé S‘i‘%%x“%%“e‘}s} i@ﬁx%gﬁ itg’ lfaél%br ature
gr eat er gilphdte altfidtbeads? Bfd hellike atE0REUBIMerst0 Ghdreqpe telechritlabyord oriNityleddC,

preferably bel ow about 100C, tqQ add the curing agent. 30 Wile not w shing
to Be bHsHuledyetallis poydersfach activer cpppeyiond akmiguin pawdanseQl metalliciogiedosed i n

this in i i i [Gl AVARA (! resins
and. pobiry s B pRchBHRe b ahP ol AEnBlyloofitiietanBlonkl 8RR 720
epoxy r @Hemnsn.elettifally 2o0dictiRe RETérIdBO0 30829 Thus, viscosity of the

pol yi m de hybrid adhesive is mnimzed before cure. Solvent-free
applicatjon of these polyimde hybrid adhesi ves may be acconplished by

mel ti ngi—v‘l’éﬁ@?i—es conpositions at tenperatures bel ow the activation

e o ol A 50 s SR R SR b o
t he 15 nvertdefined antbllopg] i cation in the el ectronics
“°C” means degrees Celsius;
“AMICURE CG-1400” is a trade designation for a micronized dicyandiamide
catalyst, available from Air Products Corporation of Allentown, Pennsylvania, USA;
“BRABENDER?” mixer refers to a BRABENDER PREP CENTER, a high-torque,
20  heated mixing apparatus available from C.W. Brabender Instruments, Incorporated, South
Hackensack, New Jersey, USA;
“meso-Butane-1,2,3,4-tetracarboxylic dianhydride” is available from TCI America
of Portland, Oregon, USA;
“CGI 7460” is a trade designation for an organic borate photoinitiator available
25  from Ciba Specialty Chemicals Additives Division of Tarrytown, New York, USA;
“CUREZOL 2MZ-AZINE CURING AGENT” is a trade designation for an
imidazole-based curing agent for epoxy resins available from Air Products and Chemicals,
Incorporated of Allentown, Pennsylvania, USA;
“DEN 431” is a trade designation for epoxy-novolac resin, available from Dow
30  Chemical Company of Midland, Michigan, USA,;



I ndustry, so it is desirable to enhance the structural integrity and

el ectrical conductivity of these adhesives for such applications.

Addi ti vesvo 02/043¢2 ease the structural integrity of these RPAR®ESINIWS29such as
reinforcing fillers including silica, calciumcarbonate, barium sul phate,
gl ass beads, and the |like are used. Fillers to increase electrical
conductivity can 10 include nmetallic powders such as silver, copper and

al um num powde( 5-DivxoRtratydrsfusRs-ebthydi3asr|dirReis- B,adhcmrlstﬁ;lyﬁb fillers, or
any ot her electrlcall conducti ve conponent used as a_  filler in

el ect ri ashmdyideoisdyadable fram Ghriskee Coppamy|lag of | Shapmee Mission dsansas.ow, t he
follomﬁﬂ@ abbrevi ati ons, materials, and equi pnent used 15 are defined as
fol | ows: AC nmeans degrees Celsius; "AM CURE CG 1400" is a trade

desi gnati on f4f6-dipheinglimidazeld” it avdatde foidAldrichiChleyida] Cavpahybf e from Ai r
Pr oduct .Cbr or gf.ion of entown, Pennsylvania, USA; "BRABENDER' mi xer
refets “% NEER!p CENTER, a hi gh-torque, 20 heated mi xing

appar at us avap{ahhi@ Mehieahndby Qef‘DMﬁt)rva%%H‘éméd‘ﬁé?ﬁ%Qrat ed, South

Hackensack, New Jersey, USA;, "neso- f ane- tetracarboxylic
di an hydRi[—H’éDI\/IEERJ(ZisBM ¢hermalraritpzergveilabla froof Rhlmmdtamélplemlfhgon USA; "Cd

25 1 r onTiePppr e ol ERFgRGhG At RsoRoy Ay Balfnsd Rl SRl aetbu Bl ladin, voric
USA; "ﬁbﬂ%&ﬂg A AgIpNEwhd IRe NG AdEpHCediif ti fiftartat 8% dDJdngie for an

i M dazol e- based cur i ng agent for epoxy _resins avail able %r&p Air Pr oduct s
and 1Chefamngraure stepdlestingrsasererigrmeq atcave digitz and Pnldg styainiusing 33A steppith431" i s

e 2o IESL AR Gl 1 R VG NRLACASRBeg B GBI 0bar Don S0
"5-(2, 5-Di OXEPGNrEESIN MMT(ﬁlsbf&‘efradatd*asl“EPﬂ(Oﬁrﬂ M. naradd désighatisnboxyl i c

anhydri avalablefro ris Inc. of Sh ee, M ssi on,
Kangas 9or a soﬁd mu tlfunctlonal epmhﬁolﬁycﬁ creso novo ac epoxy resfm avaaivﬂ %r

Shell Chemical Company of Houston, Texas, USA,;
15 “EPON RESIN 828” is a trade designation for a bisphenol A/epichlorohydrin-
based epoxy resin available from Shell Chemical Company of Houston, Texas, USA;

“EPOXY RESEARCH RESIN RSL-1462” is a trade designation for a bisphenol
Alepichlorohydrin-based epoxy resin having residual levels of epichlorohydrin of less than
1 part per million by weight, and available from Shell Chemical Company of Houston,

20 Texas, USA;

“FR 406 LAMINATE” is a trade designation for an epoxy based multilayered
substrate used for circuit board fabrication, available from Allied-Signal Laminate
Systems of LaCrosse, Wisconsin, USA;

“INTELIMER POLYMER 6100” is a trade designation for a cobalt naphthenate
25  curing agent in an alkyl acrylate polymer carrier, available from Landec Corporation of
Menlo Park, California, USA;
“Isophthalic hydrazide” is available from TCI America of Portland, Oregon, USA;

“Purified EPON RESIN 828” was prepared according to the following procedure:
A three-neck, round-bottom flask equipped with a mechanical stirrer, nitrogen inlet, and

30  temperature probe was used. First, 500 parts of EPON RESIN 828 (689 parts per million
by weight hydrolyzable chloride) was added to the flask and heated to 70°C. A premix of
1.5 parts of 85% potassium hydroxide in 1.5 parts of water was added to the EPON



USA; "4, 5-di phenylim dazole" is available fromAldrich Chem cal Conpany of
5 M| waukee, Wsconsin, USA;, "Dynam c Mechanical Analysis" (i.e., "DVA")
was perf ovoezio433i ng a RHEOVETRI CS RDA2 thernmal anal yzer BOBUB@0829f r om
Rheonetric Scientific, Incorporated of Piscataway, New Jersey, USA,

equi pped with 8-mllineter parallel plates. For testing, each sanple was
die-cut and placed in the fixture at 25C. Dynam c 10 tenperature step

t est i NgQRBSEN 1328 f withradxiag. The miautezwasittated 186 four hours UHiengvhdEG diyéqeswad th  a
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avai | ab e from Sh Chem cal Conpany Houst on, Texas, USA; 15 "EPON

RESI N 8Q®lporatoraattlﬁédbalﬁb&O@hﬁomMgWQﬂ%pbﬂtss@ﬁ?eﬁﬂd)rless @p:t@iall vohlysisu n- based
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epi chl orohydrin of less than 1 part per mllion b ng and avail abl e
K@hh 4

from ShHNdrOdw@hiec@hlomﬁamymcﬁf lﬁmuéﬁmxy Resiex GEest 06 LAM NATE" is

a trade desi | r ate used for
circuit boar gmabrl ca on@@mlmﬁgp?;% I I | egdggéna%#gﬁé% nate Systens
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pol Yrer avaslapledrom Rhg 1aam°@rppr% {aBRuENBY IS E B Menl o Park,
Calif a Al f

i fornia, STAIEEEMﬁQLh&F?%gés%%QI&R%I g%illc%\?@gﬂxcflés‘{p merica o

Portl and, Oregon Puri S prepare accord| ng to
t he fol hmd:an@amalmsdmoé45 mActiolretees)naxcid able droma Nigptondtheiied Endigtrighped with a
mechanlé Sti réf . nitrogen inlet, and 30 tenperature probe was used.

First, 566PRRYPETo%YOERMNRESI N 828 (689 parts per nmillion by weight

hydr ol yzabl e“gtirEM de10-10607asld addd Qesighatibh RtpoBitideanl g 4 inflde. A prem x

of

15  average molecular weight (M,) of approximately 22,000 grams/mole obtained from GE
Plastics of Mt. Vernon, Indiana, USA;

“ULTEM oligomer 1” refers to dianhydride-rich (23 percent stoichiometric excess
dianhydride) oligomers of polyimide having a M, of approximately 2,800 grams/mole
obtained from GE Plastics of Mt. Vernon, Indiana, USA,; A

20 “ULTEM oligomer 2” refers to dianhydride-rich (12.75 percent stoichiometric
excess dianhydride) oligomers of polyimide having a M, of approximately 7,900
grams/mole obtained from GE Plastics of Mt. Vernon, Indiana, USA; and

“ULTEM oligomer 3” refers to an amine-terminated oligomer of polyimide having
a M, of approximately 2,800 grams/mole obtained from GE Plastics of Mt. Vernon,

25 Indiana, USA.

Example 1
This Example shows the preparation of anhydride-terminated polyimide

oligomer/epoxy blend films containing latent photocatalyst. ULTEM oligomer 1 (9.0
30  grams) was hand mixed with EPOXY RESEARCH RESIN RSL-1462 (20.7 grams) in a
glass jar. The jar was heated in a forced air oven at approximately 177°C for fifteen

minutes with mixing about every five minutes. The resultant solution was an amber,

10



1.5 parts of 85% potassium hydroxide in 1.5 parts of water was added to the
EPON 9 WO 02/ 04572 PCT/ USOQ 30829 RESIN 828, with m xing. The m xture was
heat ed f ovObwws7hours, after which dry ice was added andpet/xsegosnt i nued
for 30 mnutes. The m xture was then cooled to roomtenperature, yielding a
crude product. The crude product was distilled on a rolled film -evaporator
at 185C and 0.001 Torr to give 224 parts of a colorless material. Analysis
5 showedransltcertyaatedialz Jhe garovds gemdeed fiom ke ownemidallowed to embliceed to 2. 2
parts per mllio o i | hed accordi.ng to ASTM Met hod D
D356 ob anotpigaPldiec RefohoRSTE 8b 74 1 586w 55 adcehofe stRompie fing:

Li qui d EAR&Y wWlSh8sactié AsteriBiMnhoRlbogendddgDORSI L PHOTOI NI TI ATOR 2074" i's a
trade designation for [(1l-nethyleth ?.) pheny! ] (et hyl phenyl )i odoni um

t et r aki s( pentHie hpsnegsneusmixgare atas hot émfeamwda tweén tova lRyessl phrelgase bngsor at ed

of Cr.anbug Jer o Dl LST - 09" | tr designation for
fused siq#f%aa %}gr el "§[§d¥ltrﬁ§§??18 %dﬁe&%gﬁggrgﬁr? 8?%@’8' z@rﬂgﬁs oiﬁeg%}ﬁe croneters),
avai | abl speéified) cardday etNeontainihg UTAENIrdligbmefCD appdaying in thekiylowidgpan; " ULTEM
1010-1000" is a trade desjgnatign faor polyimde having a nunber 15 average
mol ecul dixamplepiverehy. Igrmibwets fikm thicknese. 000 grans/ nol e obt ai ned from GE
Plastics of M. Vernon, Indiana, USA; "ULTEM oligoner 1" refers to

di anhydride-rich (23 percent stoichionmetric excess dianhydride) oligoners
of pol yibsateplé2vi ng a Mh of approximately 2,800 grans/nole obtained from

CGE Pl astics .M.. Vernon, |ndiana,. USA: 20 "ULTEM ol igoper. 2" refers to
di arMydri de- ﬁ@%{i@p%ﬁm therreRargion &ﬁé’(‘?ﬂd@*e@&‘@é@é%ﬂg’gﬁﬁédr i de)

ol i gonerg; o ' ; ' I ool e

obt o1 nodEemeRBaoAyBIER RRH il 1A0n SABIRALITRL MM on DT T jomer
3" ref ergama) wias hamidmaixed mith ERQEEY MWHCREM BSh"rld_éZ 16207 gepms) it of

?ﬁglr gﬁg@%ﬁkn Sggﬁ)\?ésal%%e ullgfgr%%(? Iairll%(\jzeﬁc gtoarf)qp%(irﬁgt%ﬁltfﬁsc ?cf)r tll\ﬁéenver non, 25

minutes with mixing about every five minutes. The resultant solution was an amber,

)=(D

15  translucent material. The jar was removed from the oven and allowed to cool to
approximately 121°C. RHODORSIL 2074 (0.3 grams) was added to the jar and hand
mixed with the reaction material until homogeneous. The reaction material was hot knife-
coated at 0.13 millimeter thickness between two layers of release liner using a knife
temperature of 70°C and a bed temperature of 70°C.

20
Example 3

This Example shows the preparation of anhydride-terminated polyimide
oligomer/epoxy/anhydride blend films containing a latent photocatalyst. ULTEM
oligomer 1 (6.9 grams) was hand mixed with EPOXY RESEARCH RESIN RSL-1462

25  (12.0 grams) in a glass jar. The jar was heated in a forced air oven at approximately
177°C for 25 minutes with mixing about every five minutes. The resultant solution was an
amber, translucent material. The jar was removed from the oven and allowed to cool to
approximately 121°C. 4-methylphthalic anhydride (8.7 grams) was added to the jar and
hand mixed with the reaction material. The jar was heated at approximately 121°C for

30 fifteen minutes with mixing about every five minutes. The reaction material was an
amber, translucent material. CGI 7460 (0.3 grams) was added to the jar and hand mixed

with the reaction material until homogeneous. The reaction material at 0.13-millimeter

11



Thi s Exanpl e shows the preparation of anhydride-term nated pol yi m de

ol i goner/ epoxy blend filnms containing | atent photocatal yst. ULTEM ol i goner
1 (9.0 3vogresss) was hand m xed wi th EPOXY RESEARCH RESI PCRBEOIIH#ED ( 20. 7
grans) in a glass jar. The jar was heated in a forced air oven at
approximately 177C for fifteen mnutes with m xing about every five

m nutes. The resultant solution was an anber, 10 WO 02/ 04572

PCT/ USOHicn88Owad lictrknifeceaicd between alvo lajbs jfacleasedineewithaknifeom t he oven and

allowed to cool tg  approximately 121¢C_ RHODORSI L 2074 (0.3 gram . was added
fo ¢ ho. oRRsFatRte E10" G RS bed Teampelateik OFAE'C. bR ﬂahb?f;afr@m(@ky whes pith
honogenggyy The honbgenous m xture was hot knife-coated between two | ayers
of release Miner 5 using a knife tenperature of 70C and a bed tenperature
of 70C. Unl ess otherwi se specified, coated |ayers containing ULTEM

olig me'i5 1 E@&earing inthe followng Exanples were of 0.13-mllineter
filmth - Exanple 2 10 This Exanpl e shows the preparation of

anhydri de-t eMS%%I@Q{QWS%QFmp@ﬂati@@B?édl@ﬂﬂ&éitéﬂnﬁfa@edfpdl igont ai ni ng

| at ent photocatal yst. ULTEM ol i gomer 2 (9.0 rans) was hand m xed with

EPOXY ReEgomarepresbinidimg sentaina, arlagqnanbétowﬁ'ﬁﬁst ERS 431 €5 grems) pad was
heat ed EBR RBSATY6RIT s B BlerEBRRENLAR PMos il ol Rlarld ol SRoRcaynut 5 Wi th
y frve®mn ant solutl S

m Xi ng a tes. e resu oh” was an amnber, 15

t ransl ueedi atrpp@iiraitely N17§°C &or temminaesyieldidyr octedrRamliieBntanstedall oned to cool
to approximately 121C. RHODORSI L 2074 (0.3 t%rﬁams) was added to the jar and
hand® nOtdENoligomeRl (28 grams) waahand mixedyith the SReeisedss ThalfE Wagact i on

materi a all il Lok i . n two
Tayer s htBEpabreinaty 0206 56t 2 milpdcd it IblFR: Bhodk B RS TRREN R
t enper agiveanainbéf) Granfidcént aolptien. 3THéjas wax senpdved Sroomthetdven pnet pliovedd ton  of

cont ai nP) taspupea ke L SpHOR K BY o Whshdded S titn and ™

hand mixed with the reaction material until homogeneous. The reaction material was hot

15  knife-coated at 0.13-millimeter thickness between two layers of release liner with a knife

temperature of 70°C and a bed temperature of 70°C.

Example 5
This Example describes the preparation of aniline end-capped polyimide oligomer.

20 ULTEM oligomer 1 (100.0 grams), aniline (15 milliliters), and o-xylene (30 milliliters)
were dissolved in 750-milliliter dimethylacetamide in a one-liter reaction flask under a
strong nitrogen purge. The reaction flask was fitted with a thermometer, mechanical
stirrer and DEAN-STARK-type water removal trap. The reaction temperature was raised
to 164°C and held at that temperature while all water released from the reaction was

25 removed. The product was isolated in and washed with copious amounts of methanol.
The product was then dried in a vacuum oven at 150°C until no residual solvent was
observed by "H NMR spectroscopy. The resulting oligomer had a number average

molecular weight (M,) of approximately 2,940 grams/mole.

30 Example 6

12



oligonmer 1 (6.9 grans) was hand m xed with EPOXY RESEARCH RESI N RSL-1462 25
(12.0 granms) in a glass jar. The jar was heated in a forced air oven at
appr oxi mWe@byo477C for 25 mnutes with m xi ng about everyP€TAB00K0RN es. The
resultant solution was an anber, translucent material. The jar was renoved
fromthe oven and allowed to cool to approximately 121C. 4-net hyl phthalic
anhydride (8.7 grans) was added to the jar and hand m xed with the

reacti on mat &@hisdxamphed¢saribescthe prephm@tiomdf 2Hamimphomd] ehy-capied gobyimsde fi f t een
m nutes Wth mxing about_ eyery five mnutes., The reactio terial was an
anmber , PW&?@?rucﬁﬁt&%P@Bﬁfﬁf.xT%i’lef’W Tepeatedgy %@UQB&@G%?O the jar and
hand m | i i terial until honbgeneous. The reaction

mat or 1 ainopBedd] (L AR e Rl o e, UBOu 30829 thi chnese vas
hot knife-coated between two |ayers of release liner with a knife
tenperature of. 70C and a bed tenperature of 70C. The film becane m | ky

whi t ling. 5 Exanple 4 This Exanpl e shows the preparation of

anhydri de-t emﬂisrmzaﬂq)wg{wsrfhslsre?gla{iaxoaﬁédwaﬂwtéﬂnaﬁebdféidlﬁmiwnt aining a
| atent photocatal yst. DEN 431 (/7.5 géams) and EPON RESIN 164 (7.5 grans)
wer e corbigeraer/epexy blpnd Sdmp senteining fllesrad ailaient photocatalysl (catienje purgt

appr oxi \ ' i . <l erial.
10" U TR Sl T Blachf TR RN B RSy, LAZ IO W " 1
j ar was a gheajaed Taé jar s bucated ired Sordet/dir dven a2 @pproxiniatcly WTIC for fifbeen about
everQ\; five mnutes to _give an anber, translucent solution. The jar was

e

r endY ed THRYRT WHE MHvRg ahAvt eYRTYothesgmingtesdgiltinggn 28 3mber, tepngligent mggeriakopORS| L

2074 (O lfﬁm [ 7 N 4 0N
mat er i aﬁﬁﬁrﬁ&ﬁﬁggﬁggkﬁﬁ e ?lgég%(?:gghen terldgi? éﬁv\gpsﬁelh%gl a& &%??géﬂcoat ed
at 0. 13bathl Themtigture as ktiresiswitle bmeieirivem mealyamical stirrere [[EDSdiller (. 7wi th a
knife te rat ur e of C and a bed 0C. .Exanpl e.5 ., Thi s
Exarp! e SR04 s lovith addrdn dpempeeo REPPRAL efff o gaim P FPREIol | gorer
(ZgOUL_TIEPQitIn! f%f%éﬂ;%farﬂs LEOD afll SHRAWith Hifding Rahé Aidxtlid. | THel rbRSidh madéiehl Grayy| ene
mlliliters
15  hot knife-coated between two layers of release liner with a knife temperature of 70°C and

a bed temperature of 70°C.

Example 8
This Example shows the preparation of anhydride-terminated polyimide/epoxy

20  blend films containing a bisphenol-A epoxy resin and an epoxy-novolac resin with an
imidazole (anionic cure system). RSL 1462 (6.0 grams) and EPON RESIN 164 (1.5
grams) were combined in a glass jar, then heated at approximately 177°C for five minutes
yielding a clear, homogeneous melt. ULTEM oligomer 1 (2.5 grams) was added to the jar
and the heating resumed at approximately 177°C for 30 minutes with frequent stirring

25  resulting in an amber, translucent material. The jar was air cooled to 120°C. CUREZOL
2MZ-AZINE CURING AGENT (0.45 gram) was then added to the reaction material. The
reaction material was hot knife-coated between two layers of release liner with a knife

temperature of 70°C and a bed temperature of 70°C.

30 Example9

This Example shows the preparation of aniline-terminated polyimide

oligomer/epoxy blend films containing photocatalyst (cationic cure system). Aniline-

13



were dissolved in 750-mlliliter dinethylacetam de in a one-liter reaction
flask under a strong nitrogen purge. The reaction flask was fitted with a
t her ronetveo p2/oeschani cal stirrer and DEAN- STARK-type wat ePCT/ER&NAB29 r ap.
The reaction tenperature was raised to 164C and held at that tenperature
while all water released fromthe reaction was 25 renoved. The product was
I solated in and washed with copi ous anmobunts of nethanol. The product was

t hen dr teplinabedpotyitiderolipoaner £9.0 Bpdhs, divint Exaiaples) wds dhndnlizedwitivas  obser ved
by 1H NMR s ectroscol¥ The r uIt| ng .ol i goner Qad .a rrber avera e

mol ecul &F Lf @%y gragahingy LA ol eJéfoW@ ng 12 WO
02/ 0457 ﬁ%adb

3-am no% enocf H’eg‘%zrg%%ﬁﬁ)xm?@ly mg@ k@lﬁgmlm%mﬁr oce g&% tf)’vr%rSpEﬁ\élenpI e 5
was fr epnmtu&ek W ielresulantesohetpin was dnheannbed, taansluogitenasérial 1 Thajdriwadsiremowgd

repl ace | i ne. e 7 .This Exa pLepalatiqn of

anhy3r i g@ FHY%‘E’&@IE’EY@R%CB‘@ to 3PRIgRYRAL n@%ﬁ%iﬁo\é‘@é{?@m $ﬁsfdggr{b§| ni ng
filler gngh)avdsatd8ed 1dtae R aad Ahadhixed aitHoMmb @ea%tié@maﬁe‘{fal &Ml hoHloEEﬁédﬁls' gomer 1
(9.0 grams) was hand mXed with RSL 1462 (20.7 granms) in a glass jar. The
j ar was Thesaetion materiabweehptdinifespated at 0.4p pribimatertbshyeeniwg layars of f t een 10

m nut es th.m o ( | n n anber,

transl uﬁilI eHﬁ? Wﬁnlg?%n?u mpe?arté{%asf\ﬁglén o%ﬁ%ddte?](s?%%&lgre %)gppr;(?el y 1250, t hen
placed in an approxinmately 125C oil bath. The mixture was stirred with an
air-driven rrechanl cal stirrer. LEOS5 filler (55.7 grams) was slowy added
to the £3 $yq) 2074 (0.3 grarr) was conbined wth fifteen grans

LEOS and addgﬂlsy’{?h}p é}{osr}ﬂe Pl%ygujaﬁo p%xg/-ﬁt%qx &%%lhpﬁeigﬁtﬁ&#ﬂidws 15

hot kni fe-co en two ers Il ner wt

t enper agliforR UL PEM DG O- f’OdWasIcﬁ'[&% awbﬁnﬁiely Yo AIPARUM RehFo2@npl e

shows the preparati on of anhydride-term nated polyi m de/epoxy 20 blend
films cbeuraiand BBOXDRESEARTH RESINRSL-¢46hwandrietat SO in auvacyliacovensin wit h

an for 36 hours to remove moisture. ULTEM 1010-1000 (40 grams) was placed in a 500-
15  milliliter reactor and 160 grams EPOXY RESEARCH RESIN RSL-1462 was added using

a mechanical stirrer. The reactor was heated in an oil bath to 200°C with a five to ten
milliliter per minute dry nitrogen purge. The ULTEM was completely dissolved into the
EPOXY RESEARCH RESIN RSL-1462 in 6 hours to give a solution containing 20
weight percent ULTEM 1010-1000. This solution was poured into a TEFLON-coated tray

20  (TEFLON is a registered trademark of E.I. du Pont de Nemours and Co. of Wilmington,
Delaware, USA), which solidified upon cooling.

In order to mix the initiator uniformly with epoxy/ULTEM solutions, initiator was
dissolved into epoxy resin to make a ten weight percent solution. This ten weight percent
solution was mixed with epoxy/ULTEM solutions to form uncured hybrids containing one

25  weight percent catalyst. For example, 30 grams epoxy/ULTEM solution, which contained
22 weight percent ULTEM 1010-1000 and 78 weight percent EPOXY RESEARCH
RESIN RSL-1462, was placed in a 110°C preheated BRABENDER mixer with 50 rpm
rotation. After one minute, a mixture of 2.34 grams of ten weight percent RHODORSIL
PHOTOINITIATOR 2074 in EPOXY RESEARCH RESIN RSL-1462 was added

30  dropwise. This mixing process finished in fifteen minutes. The uncured mixture
contained 20.5 weight percent ULTEM 1010-1000, 78.8 weight percent EPOXY
RESEARCH RESIN RSL-1462, and 0.7 weight percent RHODORSIL

14



I m dazol e (anionic cure system). RSL 1462 (6.0 grans) and EPON RESI N 164
(1.5 grams) were conbined in a glass jar, then heated at approxi mately
177C for WovBo4sinutes vyielding a clear, honbgeneous nel t PCUUSENA0829 goner 1
(2.5 grans) was added to the jar and the heating resunmed at approxi mately
177C for 30 mnutes with frequent stirring 25 resulting in an anber,
translucent material. The jar was air cooled to 120C. CUREZOL 2MZ- AZI NE
CURI NG PEBEYDINITEATQRR2074 s, dreeweightdretcenorddivete BEOXON RESEARGH. The
reaction rial s hot i.f e-coat ed between two |ayers of,. rel ease liner
o o RESPY RS R G s et BaiR WP o SR ETBTOP 68D 50 Exanpl o 0
Thi s Eng)”rlgllﬁm%gows the preparation of aniline-term nated polyimde

ol i goner/ epoxy blend fil ms containing photocatal yst (cationic cure systen).
Aniline- 13 WD 02/ 04572 PCT/USOQ' 30829 term nated polyimde oligonmer (9.0
gr ans, romlEx1 nple 5) was hand m xed with EPOXY RESEARCH RESI N RSL- 1462
(20.57 g %t a glass jar. The jar was heated in a forced air oven at

appr oxi mat el YhikFEéandp® sHowsitBE Prephratibe st Mhinb-t8intihated pbigithidsvery five _
m nutes. The resultant solution was an anber, translucent material. The jar

was renoligam@’/eposyrblend fibme sontaining 4 herepl curativel Aminerfsminatednayiynide 1C.
RHODORS| ). 207 .3 i ' ihth th
eact oRtara 7o dinpfl HHmiRE xAG R0 RESARTHRES PR s by 1 1"

kni f e- c gaing) with Dmdéchafical st & a heo-wililitérweadtary e redctorredsdeatedito ner with a
knife tenperature of 70C and a bed tenperatyre of 70C. 10 Exanple 10
(codpar 801G/ with apjod bathy pfter angdipur, dhesrepultanh solutin was am3mbst oSG ol ecul ar

wei ght 2l ARTCEA bR U0 BE%% : FheGbdcRdt Al RREAXATAL el Y
1700C iﬁlggew\a}gcuum ovenb?(;?4 30;63' h u%g)lgﬁ%&@%%% ISESEARCH RESI N RSII?1462 was
dri ed amiS@Gvitintle reactionmaseral forf five BhubesuMhetreactienmateriabivas powred UILTEM
1010- 10 ra was aced in.a 500 15 mlliliter reactor and 160

gr ams E&%ﬁﬁ&%@&%ﬁ@g&l 19589 was added using a mechanical stirrer.
The reactor was heated in an oil bath to 200C with a five to ten

mlliliter per mnute dry nitrogen purge. The ULTEM was conpl etely
di s$dl vEdampled2t he

This Example shows the preparation of an anhydride-terminated

polyimide/epoxy/dianhydride blend film containing latent catalyst. The dianhydride used
in this Example dissolved in the epoxy resin at the blending temperature.
ULTEM oligomer 1 (5.5 grams) was hand mixed with purified EPON RESIN 828
20 (22.0 grams) in a glass jar. The jar was heated in a forced air oven at approximately
177°C for 25 minutes with mixing about every five minutes, resulting in an amber,
translucent material.
5-(2,5-Dioxotetrahydrofuryl)-3-methyl-3-cyclohexen-1,2-dicarboxylic anhydride (13.35
grams) was hand stirred in the reaction mixture. The jar was again heated in a forced air
25  oven at approximately 177°C for 30 minutes with mixing about every five minutes. The
resultant material (27.5 grams) was fed into a BRABENDER mixer heated to 70°C and
operating at 50 rpm. SILSTAR LE-05 (51.1 grams) was slowly added over ten minutes.
INTELIMER POLYMER 6100 was combined with fifteen grams of the filler and added to
the blend. The blend was mixed for an additional five minutes, then removed from the
30 mixer. The reaction material was hot knife-coated at 0.13-millimeter thickness between

two layers of release liner with a knife temperature of 70°C and a bed temperature of 70°C.

15



EPOXY RESEARCH RESIN RSL-1462 in 6 hours to give a solution containing 20
wei ght percent ULTEM 1010-1000. This solution was poured into a

TEFLON- cowo ezfo4sray 20 (TEFLON is a regi stered trademar k oPCEUB0/A829PoNt de
Nemours and Co. of WI mngton, Delaware, USA), which solidified upon
cooling. In order to mx the initiator uniformy wth epoxy/ UTEM
solutions, initiator was dissolved into epoxy resin to make a ten wei ght
per cent Esarth n. This ten weight percent solution was mxed with

118
epoxy/ ULTEM on to fo m uncur.ed br d talni one 25 wei ght
percent catal ?tﬁ %preﬁﬁraﬁ?'b é?‘%f_ 129t i on, whi ch

contain slyn%aeﬁb%h&a &ﬂetblérmws %Qﬁt@mlr%oﬁ)llé%d Taettatlst. PERECENt  EPOXY
RESEA RESI 2 was placed in a 110C preheat ed 'BRABENDER ni xer

wi t h 50diaphydridstused mqt.hlsAExa@rpl@dlé net digsalye in the gpanyaesih abtigblepdings of ten
wei 9%1 %erceat RHODORSI L PHOTO NI TI ATOR 2074 i n EPOXY RESEARCH RESI N
RSL- 1462 WL W §ded 30 dropwi se. This m xing process finished in fifteen

m nut es. Thetmmmmﬁmn&i L(R75 ganfspivas lardOmixed eV EPQENCRPSEARTEM
1010- 1000, 78.8 ercent EPOXY RESEARCH RESIN RSL-1462, and 0.7

wei ght B&SB&K IRH@?cﬁél rams)\p acgiass 4317 L hedar wisdioated dn o foropdgiopKgmItATOR 2074

t L-1462
cont ent ?%a";h\%¥ gmm,q.gt;egtam il ga};t))}régtcéevg?ﬁp "?E‘T?am nap‘%ﬁﬁﬁ*%ﬁg‘br in other
forns. frahstwoent maﬂeilarl'hl‘lse fexudript maehial@ 81’715@rms=)pwsafecﬂ amo aBRABENDER m nat ed

Ao o Bvar s B R 20 i er ma byspa e%&‘%"é‘r‘g?' R teimmands e, Epoxy
RESEA gg]i))s MR
100- chaﬁgfws?@gg%rﬁ%vlﬁ%e ?’ggg or was heat eﬁgqﬁgﬁ%&@\%ﬂﬁﬁan oif1 bat h.

Af t er oftOth@ul grantspwagslowlyaadded ao thei raactmasmatmr@nﬁbe mixeranvst teo eminutesat eri al .
reac and mechani-cal |y

AM CURE .
e bl wa Tuime RS TR R yE Sihied el RREVEE AR W BERS TRt o7
was pourgetibiindtefial W hStinifoabedd bt @Y 3-aflflin¥téohREnés] beBRen two layers of

15  release liner with a knife temperature of 70°C and a bed temperature of 70°C.

Example 14
This Example shows the preparation of anhydride-terminated polyimidé

oligomer/epoxy/hydrazide blend films containing filler (hydrazide cure system). ULTEM
20 oligomer 1 (3.75 grams) was hand mixed with EPOXY RESEARCH RESIN RSL-1462
(15.0 grams) in a glass jar. The jar was heated in a forced air oven at approximately
177°C for 25 minutes with mixing about every five minutes resulting in an amber,
translucent material. The resultant material (18.75 grams) was fed into a BRABENDER
mixer heated to 70°C. Isophthalic hydrazide (4.10 grams) was combined with SILSTAR
25  LE-05 (42.5 grams), then slowly added to the reaction mixture over ten minutes. The
blend was mixed for an additional five minutes, then removed from the mixer. The
reaction material was hot knife-coated at 0.13-millimeter thickness between two layers of

release liner with a knife temperature of 70°C and a bed temperature of 70°C.

30 Example 15
This Example shows the preparation of anhydride-terminated polyimide

oligomer/epoxy blend films containing filler and imidazole catalyst (anionic cure system).
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15 Exanpl e 12 This Exanpl e shows the preparation of an anhydride-term nated
pol yi m de/ epoxy/ di anhydri de blend fil mcontaining |atent catal yst. The

di anhydrivdeouees® in this Exanpl e dissolved in the epoxy PEBURE8I%Ne

bl endi ng tenperature. ULTEM oligomer 1 (5.5 grans) was hand m xed with
purified EPON RESIN 828 20 (22.0 granms) in a glass jar. The jar was heated
in a forced air oven at approximately 177C for 25 mnutes with m xi ng
about eVURTEM iohgomi:mh(&'e& granes$ wias hmgi mixed witnBROXY RESRARGCEERESRARSIL-al .

5-(2,5-Di t hydr of I-3cc|o exen-.1, 2-di car boxyl i

oty ar 8 @b ramt i aleshidr FENRGeOYes a8 Sy el of e RPN S e | ar
was  agal fi7°eelt 88l nliflutds év%%sémglabout?e‘%e&vﬁre ﬁhu@d@%%l@h%h)énﬁ)y C for 30

m nutes with mxing about every five mnutes. The resultant material (27.5

gr ans) tasshjosdt inateviab, Brapsi@ERNatesial (20.d graws) wasAodinio ¢ Blb@BEleEi@ at 50

AL R a1 5o SRS TARNRR TG O pRBEEREHEhY EREHET o ana

added t feactiBitmblterecbver ed niihetesl Yasdiphicnglimidagole(l acgﬂarhs)ml combmdrmﬂut es,
then renoved fromthe 30 m xer. The reaction nate hot knj fe-coated

at 0. 13fifipen grame of ST EAR 50 andedded aﬁ%ﬁ@if@‘i‘@“\fﬁ tOrtm B'&gé Theblendi th a
knife t 04572
PrC]ZIT / 83&@5%@’3%”"@'3&%‘@%@% RE)Q( rrp e s {,é{{ﬁ éh{){r?lgf)eér g‘? I g%cg

anhydr i thatdriat Whmhcbteldufemhgeidm deBemdinyétdn ﬂnrdkyiwslbdavahewd liyekmmfmleaﬁeal ni ng
filler ndI ..catal yst. ride used_.in, this Exanple did not
di s&l v ‘?rﬁ’“f % %F@P’Preéaé'i‘rﬁ %%t% g‘%&o@ﬁ’@““ﬁ”ﬁ’@ﬁk@ﬁat ure. ULTEM ol i gomer
1 (3.75 grans) was hand m xed with EPOXY RESEARCH RESIN RSL-1462 (15.0

grans) in a glass jar. The jar was heated in a forced air oven at 177C for
25 mi nuEsampletlé ni xi ng about every five mnutes, resulti ng in an anber,

el et TR, O SO S0P SO RIS,
di anhydpiodessing fMantages achievable using compositions according to the present invention.
15  Four samples were prepared as follows: Example 16a was a mixture of ULTEM oligomer
1 (30 weight percent) and EPOXY RESEARCH RESIN RSL-1462 (70 weight percent);
Example 16b was aniline-capped ULTEM 1 (30 weight percent) and EPOXY
RESEARCH RESIN RSL-1462 (70 weight percent); Example 16c was a mixture of
ULTEM oligomer 2 (30 weight percent) and EPOXY RESEARCH RESIN RSL-1462 (70
20  weight percent); and Example 16d (comparative) was ULTEM 1010-1000 polymer (30
weight percent) and EPOXY RESEARCH RESIN RSL-1462 (70 weight percent) prepared

as described in the first paragraph of Example 10 (comparative).
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grans) was conbined with SILSTAR LE-05 (42.1 grans) and | NTELI MER POLYMER
6100 (1.1 grans) was slowy added to the reaction mxture in the m xer over
ten m nutved 02/04he bl end was m xed for an additional five RCHUB@E3081%en
renoved fromthe m xer. The reaction material was hot knife-coated at
0.13-m I lineter thickness between two |ayers of 15 release |liner with a
knife tenmperature of 70C and a bed tenperature of 70C. Exanple 14 This
Exanpl e shows the prepar at| on of anmyb‘léllde term nated pol y| m de

O|IgO P =YaTa h =Tala e H Ge—cHl €
system). ULTEM 20 ol i gorrer 1 (SQ‘B“IQ}P’&%%CO%PF&KHOW)XM W|th EPOXY

RESEARCH L% 5 gr gr=a e ated in
a forced‘@ﬁ%’g&\?g% at LEa?l%p (f)ex}ér?at e%d)é&g? ?%a%ﬁlnultégs W%mﬁlén}g about
every fi VEenperatiues r eeAxtttnall’TG)l n arQAaﬂmbb"tC) tr a(me:ltuuté@) mat ¢Aétadl.°Cyhe

resul t ant terial (18,75 rams) | nto NDER eated to
709C. |sopgﬁ lic hyd%ﬂ%gw 10 rr“a c@wﬁ wtrl\@réga" 25 LE- 05
(42.5 grans), then sl Rslged t atnlibfzm pcactl i/xdold € OVEfantsBholdl Nut es.

The blend was m xed an addl t|gr ona ?I ve m%ri:ﬁt es. then glrgm)ved fromthe

m'_xer. The éaactlon 'ga“}f{'lé’d was .;?j‘xlmsfe co:ittggq‘nﬂ}s 0. 13- :J)J(I ter

t hi ckness be Wween two Tayers of ease |iner knlf errperature of
70C and a bed tenperat 3@(; f 70C. 3 anpl e 15 %’? g Exanpl e ws t he
preparation of anhydri dé=t'eérm nat ed 2pég)()yim'de é é msr/epoxg;% bl’end fil ns
containing fihl er and4gngdag®™l e ca4@4xsm3(ani oniie xcugte systiesd x 1016 WO
02/ 04572 PCT/ USOQO 30829 ULTEM oligonmer 1 (9.0 grans) was hand m xed with
EPOXY RESEARCH RESI N R(51.3462 (20. Blgdans) in a(5§|4hss jar. ®e)jar was
heated in a I,g)r ced air OWgn at appr Oﬁjmtely 177 for 25 m RYbES W th

m xi ng about "every five mMnutes resulting in an anber, translucent
material . The resul tant(?sef)eri al (29754)rans) wg34bpd i nto a(BRHABENDER 5
m xer heated to 70C. SILSTAR LE-05 filler (55.7 grans) was sl v,y|y added to
the reacti o xture ovér ten minutes. 4,5-di phe%lyllmdazole? 1 5 gramns)

was conbined with fift grans of TAR LE- d added he fi nal
additive to the blend. Foe’bl end (5 thoo?) &.9)

Example 17
This Example illustrates processing advantages at high polyimide content

5  achievable using compositions according to the present invention. A 250-milliliter
reaction flask was charged with 60.0 grams ULTEM 1010-1000 (M, = 22,000
grams/mole). EPOXY RESEARCH RESIN RSL-1462 (40.0 grams) was added to the
polyimide to provide a 40/60 epoxy resin/polyimide percent weight ratio. The reaction
flask was fitted with a mechanical stirrer and purged with nitrogen gas. The reaction flask

10  was heated at 190°C for 12 hours. The polymer appeared fully dissolved into the epoxy
resin; however, the product was too viscous to collect at a safe temperature.
A 250-milliliter reaction flask was charged with 60.0 grams ULTEM oligomer 1.
EPOXY RESEARCH RESIN RSL-1462 (40.0 grams) was added to the oligimide to
provide a 40/60 epoxy resin/oligimide weight ratio. The reaction flask was fitted with a
15  mechanical stirrer and purged with nitrogen gas. The reaction flask was heated at 190°C
for one hour. The oligomer fully dissolved into the epoxy resin. 190°C is a practical

upper limit for processing typical epoxy resins useful for blends with polyimides.
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was m xed for an additional five m nutes, then renoved fromthe m xer. The
reaction material was hot knife-coated at 0.13-m | lineter thickness

bet ween tw@ot/esser s of release 10 liner with a knife tenperpat/wis@®/382970C and
a bed tenperature of 70C. Exanple 16 This Exanple shows the effect of

usi ng polyimdes having different viscosities and processing advantages
achi evabl e using conpositions according to the present invention. 15 Four
sampl es were prepar ed as foI | ows: Eﬂ‘ahlpIZe 16a was a mxture of ULTEM

ol i gomre ARE :
percent); Exarrp
EPOXY RESEARCH RESI N RSL 1462 (70 wei gleipRi fepttnt)y, Exanpl e jlﬁpcwas a

mxture_of ULTEMoligoner 2 (30 wejight percent) and EPOXY RESEARCH RESI N
RSL- 1462ULMM001/@|1@W (qoepomtivy) and Exanpl e60L6d (conpar at i Y2houras ULTEM
1010- 100 poI ght percent) and EPOXY RESEARCH RESI N RSL- 1462
(70 weig gﬁ@i@h gl\ég@ as described in the first paragraph of

Exanpl e mm;@@%{)ﬁ{ewe) 0 17 WD 02/ 04572 &CT/ USO0/ 30829 iTpkire 1 Conpl ex
Vi scosity Data |se) Appr oxi mat e Exanpl e 16a Exanpl e 16b Exanple 16c
Exanpl e (84~ pas/made)( Actual C) (Actual C) (Actual C) (Actual C (O
M = 2, 8660 M 2,940 M —7900M—22, 000 grans/notegrans/note—grans/ nol e
granms/nole 25 8.34 x 105 7.24 x 105 1.89 x 106 8.13 x 105 (25.7) (25.7)
(25.4) E26mPle B0 4.67 x 103 4.04 x 103 1.12 x 104 1.94 x 104 (51.3) (51.5)

(51.4) (51.7)_ 75 125 103 469 3898 (75.4) (75.4) g74 6) .(75.6) .
This Example illustrates low temperature processmg advan ages achlevable using

5  compositions according to the present invention. A 250-milliliter reaction flask was
charged with 20.0 grams ULTEM 1010-1000. EPOXY RESEARCH RESIN RSL-1462
(80.0 grams) was added to the epoxy resin to provide an 80/20 epoxy resin/polyimide
weight ratio. The reaction flask was fitted with a mechanical stirrer and purged with
nitrogen gas. The reaction flask was heated at 150°C for 24 hours. The polymer did not

10 fully dissolve in the epoxy resin. '
A 250-milliliter reaction flask was charged with 20.0 grams ULTEM oligomer 1.
EPOXY RESEARCH RESIN RSL-1462 (80.0 grams) was added to the epoxy resin to
provided an 80/20 weight ratio of epoxy resin/oligimide. The reaction flask was fitted
with a mechanical stirrer and purged with nitrogen gas. The reaction flask was heated at

15  150°C for 35 minutes. The oligomer fully dissolved into the epoxy resin.

Table 3
Polyimide Imide-Containing Material ~ Process Time at
(weight percent) 150°C
ULTEM 1010 -1000 (comparative) 20 >24 hours
(M, = 22,000 grams/mole)
ULTEM Oligomer 1 20 35 minutes
(M; = 2,800 grams/mole)
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100 9 7 21 587 (99.6) (99.5) (100.7) (99.8) Exanmple 17 This Exanple

Il lustrates processing advantages at high polyimde content 5 achi evabl e
usi ng compsr/e4sens according to the present invention. A PEDURNNII0BL t er
reaction flask was charged with 60.0 grans ULTEM 1010-1000 (M = 22,000
grans/ nol e) . EPOXY RESEARCH RESI N RSL- 1462 (40.0 grans) was added to the
polyim de to provide a 40/ 60 epoxy resin/polyimde percent weight ratio.
The reagkample 10l ask was fitted with a nmechanical stirrer and purged with
ni trogen gas,_ The reaction flask 10 was heated t 190C for 12 hours The
pol yner appe&h@ﬂ‘imm S}Ei’i"‘égstg? U\“é’oofaﬂhﬁl‘ferﬁg"}?ﬁﬁ‘k‘if ingdQ the PIRSSREIYFNLIQ, ¢
product p I t A8Rar A ITiliter
reacti on\a??s fﬁre%gﬁlc har g uFeQ dhﬁ% § I%dlrﬁgéntg;nﬁ?l_ﬁTEM oll?%ggrgg%s .S@a%ngY
RESEARCEIesRIMtthb(RRirFﬁmxe(mbroed@mmiFR@)sBmdmgi to the oliginmde to provide

a40/60 epox n/,ol i we ratio. The reaction flask was fitted
with’a 15 neﬁ.h%?ﬁslk’ n F&?"ﬁ%‘?nsﬁﬂ%‘l ﬁﬁﬁt’é’gﬂ“ﬂﬂeﬂf itrogen gas. The reaction
flask was hegtied ghe %e%esabsfr%s QR éﬁmwuncsb@d@ibbﬂﬁrmf&ul;stﬁelsassz}amd into
the epoxy resin. 190C is a practical upper limt for processi ng typi cal

epoxy resins usefor ﬁb@'rfemf@mdd; phastin syfwirglesicoased with a\onuRr
PCT/ USOQ' 30829 Tahle 2 Pol yim de | m de-Containing Material Process Tine at
(wei ght percent) ULTEM 1010- 1000 (conparative) 60 12 hours (M z
22,000 gransgmd erheibaMeifogedBlastic pattslwirewnt infdMlat-cougor3Gkagurings2. 50| €)

le 18 This Exanple illustrates | ow {enperatur ssi ng advant ages

roc,
achggvabl e using CentEpstErs byl Geentimetrvip athickngss Bfg ﬁ"’i‘ﬁ@fént ion. A
250-m I Tilitgn feaqlifirdd aak pf&bired by wiping with heptane, followed by acetone.

The test substrates were then baked at 200°C for 30 minutes.

8.3.1 The film adhesive was nominally 0.23 millimeters thick and applied by
laminating at 70°C.
15 8.3.2 The adhesive was cured in air at 200°C for 30 minutes.
8.3.3 The bondline thickness was controlled to 0.20 millimeter using a 0.20-
millimeter wire spacer. Binder clips were used to apply a fixturing force
during cure. The lap shear overlap was 2.54 centimeters by 1.27
centimeters.
20 8.4.1 The testing machine was a SINTECH MODEL 30 tensile testing apparatus
obtained with load cell model 3132 available from MTS Systems
Corporation, Sintech Division of Cary, North Carolina.
8.4.2 The specimen loading rate was 0.254 millimeters/minute.
The values reported are peak/break stress (MegaPascals) and are an average of three test

25 samples. In all cases, the substrate, as opposed to the adhesive, failed.

Table 4
Example Adhesive Film Used Substrate Cured Overlap Shear
Adhesion (MegaPascals)
19a Example 13 FR406 laminate 10.1
19 Example 14 FR406 laminate 8.7
19¢ Example 15 FR406 laminate 13.3
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charged with 20.0 grans ULTEM 1010- 1000. EPOXY RESEARCH RESI N RSL- 1462
(80.0 granms) was added to the epoxy resin to provide an 80/ 20 epoxy

resi n/ polwont/ees72 wei ght ratio. The reaction flask was fitP€DUWII82
mechani cal stirrer and purged with nitrogen gas. The reaction flask was
heated at 150C for 24 hours. The polynmer did not 10 fully dissolve in the
epoxy resin. A 250-mlliliter reaction flask was charged wth 20.0 grans
ULTEM ol i gomAkccdrdingBR@eYscBESEAR{sHnRnEoh siElld hdbie ddérnfingt ynthg was added to

t he epoxy,resin t, rovided an 80/20.wej ght rat.io of epo

resin/ oP%BP‘ﬁW@t.S lmpqeé]ab?ﬁ%ﬁ% P%&qi‘ﬁ%\éﬁ\“?st at'\éi&ﬁe‘\'/\fetgﬁl o ical stirrer
and purged with nitrogen gas. The reaction flask was heated at 15 150C for
35 mnutes. The oligoner fully dissolved into the epoxy resin. Table 3

Pol yi m de I m de-Containing Material Process Tine at (weight percent) 150C
ULTEM 1010 -1000 (conparative) 20 >24 hours (M z 22,000 grans/nole) ULTEM
Aigonmer 1 20 35 mnutes (M 2,800 granms/nole) 19 WO 02/ 04572

PCT/ USOQO 30829 Exanpl e 19 This Exanple shows the use of adhesive filns
according to the present invention. Adhesive strength was neasured using a
nodi fication of ASTM D5868-95: "Standard Test Method for Fiber Reinforced
Plastic (FRP) Bonding." 5 The foll ow ng conditions/nodifications were used:
8.1.1 The test substrates were either uncoated fiber-reinforced, plastic
substrates or fiber-reinforced, plastic substrates coated with a
commercial solder mask. 8.1.2 The fiber-reinforced plastic parts were cut
into flat coupons neasuring 2.54 10 centinmeters by 5.08 centineters with a
t hi ckness of 2.0 mllineters.
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8.2.1 The surface was prepared by wiping with heptane, followed by acetone.
The test substrates were then baked at 200C for 30 mnutes. 8.3.1 The film
adhesi vew@s2zowdm nal |y 0.23 mllineters thick and appl i edrOyUSbdOB2at i Ng at
70C. 15 8.3.2 The adhesive was cured in air at 200C for 30 mnutes. 8.3.3
The bondl i ne thickness was controlled to 0.20 mllimeter using a 0.20-
mllimeter wire spacer. Binder clips were used to apply a fixturing force
during cure. WHaeld GpimséEBr overlap was 2.54 centinmeters by 1.27
centineters._ 20 8. gﬁ testing nmachine was a SINTECH MODEL 30 tensile
testing appatatus? hly%f BepiVG GAROSHPNCOMPIISHEel 3132 avail abl e from MIS
Systems  Cor (E;Pr ath 1 inlifld &f%)ngr\h'aﬁ'ng@ rﬁéle%rywel%ﬁr(wl%gﬂe@i hadabdutd- 2 The

speci nen | oa evvas 0.254 mllrmeters/ mnu e values reported are
peak/ br 88R0 gtanmgol(el\/vgé@hguad:rsbavmgca repeatiag uait backhono of Fomada (st 25
sanples. In all cases, the substrate, as opposed to the adhesive, fail ed.
Tabl e 4 Exanpl e Adhesi ve Fil mUsed Substrate Cured Overl ap Shear Adhesion
(MegaPascal s) 19a Exanple 13 FR406 | ami nate 10.1 19b Exanpl e 14 FR406
laminate 8.7 19c Exanple 15 FRA06 lam nate 133 20 WD 02/ 04572

PCT/ USO0/ 30829 Accord , the scope of i nyention should not be
det ermi ned by the efibt ts u t é appended cl ai ns and
their |l egal equivalenys. 21 2 PCT/ 829 VWhat |Is C ained
Is: 1. A hybrid adhesive conposi t| on conpri si ng

@

where terminal end group Z is selected from:

and where terminal end group Z' is selected from:

OO o R
SOy G

D004
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a) a polyimde oligomer having a nol ecul ar weight (Ms) of |ess than about
8, 000 grans/ nole, said oligoner having a repeating unit backbone of Fornula
(1): zZ{ W®o0204574 NI n (I) where term nal end group Z iBCEER@082Y from O
i O/ O~V /\V\VI N O HH6 OO N - R ON _1:) Ry p - and where
termnal end group Z' is selected from O _--NO OOOCH OON O- O O
RL O OOR 22 W 02/04572 PCT/ US00/ 30829 wherein Rl and R2 are

i ndependelmdréin Ryeind Redle independgaiihyospbertedifadm dwdmgen|Heldgens) alkiytsghavidgout  1- 12
Car On P11 kN Suc, G i nglatB £3500RoR RS SheBRAEOST B 2

b) an epoxy resin; and
) an epoxy curing agent.
2. The hybrid adhesive composition of claim 1, wherein said polyimide

oligomer is present in an amount of about 5 to about 60 weight percent based on total

weight of the composition.

3. The hybrid adhesive composition of claim 1, wherein said epoxy resin is

ionically clean.

4. The hybrid adhesive composition of claim 1, wherein said epoxy resin is an

aromatic glycidyl epoxy.

5. The hybrid adhesive composition of claim 1, wherein said epoxy resin is a
cycloaliphatic epoxy.
6. The hybrid adhesive composition of claim 1, wherein n in Formula I ranges

from about 3 to about 6.

7. The hybrid adhesive composition of claim 1, wherein said epoxy curing

agent is a thermal cationic catalyst.

8. The hybrid adhesive composition of claim 1, wherein said epoxy curing

agent is a hydrazide curing agent.

9. The hybrid adhesive composition of claim 1, wherein said curing agent is

an anhydride curing agent.

10.  The hybrid adhesive composition of claim 1, wherein said curing agent is a

photocatalyst.
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c) an epoxy curing agent. 2. The hybrid adhesive conposition of claima1,
wherein said polyimde oligoner is present in an anount of about 5 to
about 60 webybs7percent based on total weight of the conpoBpUBNENB293. The
hybri d adhesive conposition of claim1l1l, wherein said epoxy resinis
ionically clean. 4. The hybrid adhesive conposition of claim1, wherein
said epoxy resin is an aromatic glycidyl epoxy. 5. The hybrid adhesive
conposition of claiml1l, wherein said epoxy resinis a cycloaliphatic
epoxy. 6. The hybrj.d adhesive, conposition_.of. clajml1l, wherein.n in Fornula
| ranges  fr otk abothe orig adhesiNe mppsitioR At AR i TR SIDRIRRTRG £ on of
claim1, wherein said epoxy curing agent is a thermal cationic catal yst.
8. The hybrid adhesive conposition of claim1l, wherein said epoxy curing
agent is a hykd aziThe hybridrghesgentommsitithof hlabn il dwhellenssaicecwingprgsittis on  of
claim1l1, wherein said curing agent is an anhydride curing agent. 10. The
hybri d éﬁﬁ@%ﬁWﬁ“ﬁ% psition of claim1, wherein said curing agent is a
phot ocat al yst. 23 WD 02/ 04572 PCT/ US00/ 30829 11. The hybrid adhesive
conposition of claim?1, further conprising silica. 12. The hybrid adhesive
conposi ti on oB.cl aflip hybrigiedhesive @mmsvé@ﬁiogglaagénﬁml@r cpprasingelpetriedlyal yst .
13. The i jve conposition of claiml, further conprising
electriégﬁﬁ%hgggﬁgﬁﬁ#ive particles. 14. A solventless process for preparing
a catalytic curable hybrid adhesive conposition conprising the steps of:

14. A solventless process for preparing a catalytic curable hybrid adhesive
composition comprising the steps of:
providing a polyimide oligomer having a molecular weight (M,) of less than about

8,000 grams/mole, said oligomer having a repeating unit backbone of Formula (I):

*mﬂ O ©<‘©*

®

where terminal end group Z is selected from:
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provi ding a polyi m de oligoner having a nol ecul ar weight (M) of |ess than
about 8,000 grans/nole, said oligoner having a repeating unit backbone of
Formula WOoo2@ms¥2N1 N Z- 0 O (1) where term nal end grBOpUR/®8Me| ect ed

from 0 O(/ O~~~~p\VI N HO6 OO ~00+0_0'CN R OO R2 024
WO 02/ 04572 PCT/ US00/ 30829 and where term nal end group Z' is selected
from N OOCH ON O- - O OO 0" NCOORz wherein RL and R2 are

i ndepengghivhsreseindadledd igraup 21 ysisebepesd, frdral ogens, al kyl s having about 1-12
carbon atons, al koxys having about 1-12 carbon atons, and am nos;

SO oo
mﬂm@
000058,

wherein R; and R are independently selected from hydrogen, halogens, alkyls having
about 1-12 carbon atoms, alkoxys having about 1-12 carbon atoms, and aminos;

providing an epoxy resin and dissolving said oligomer in said epoxy resin at an
elevated temperature;

providing an epoxy curing agent; and

cooling said epoxy resin and oligomer to a temperature below the activation

temperature of said catalyst and blending said catalyst into said solution.
15.  The process of claim 14, wherein said polyimide oligomer is present in an
amount of about 5 to about 60 weight percent based on total weight of the adhesive

composition.

16.  The process of claim 14, wherein said elevated temperature is greater than

about 120 degrees C.

17.  The process of claim 14, wherein said temperature below the activation

temperature of said catalyst is less than about 120 degrees C.
18.  The process of claim 14, wherein said epoxy is an aromatic glycidyl epoxy.

19.  The process of claim 14, wherein said epoxy is a cycloaliphatic epoxy.
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provi di ng an epoxy resin and dissolving said oligonmer in said epoxy resin
at an elevated tenperature; providing an epoxy curing agent; and cooling
sai d epowopzeism and ol i gomer to a tenperature bel ow t he BCTAUS@YI082Y
tenperature of said catalyst and bl ending said catalyst into said solution.
15. The process of claim 14, wherein said polyimde oligoner is present in
an anount of about 5 to about 60 wei ght percent based on total weight of
t he adhesi ve20.confits ptaocess of bhaimTiHe wheriressd efoxyl caring agentwheelasted famd

el evat eqd tenper.at.ure |s, great.er tha out 120 d eges C. 17. The, process
of "ol a et R bRt sraDaPeP B TE AETIr T ihe SEpARat ur e of
sai d cap@lrysille bdringesgentshan about 120 degrees C. 18. The process of claim
14, wherein said epoxy is an aromatic glycidyl epoxy. 19. The process of
claim 14, wherein said epoxy is a cycloaliphatic epoxy. 25 WO 02/04572
PCT/ US00/ 308 2Q. jo rei [ ing
agent is sel éit ed%fﬁ'hg%??sﬁégcﬁ%%%% g{)?lgésﬁ%gﬂc%q%aqr%%&‘e gﬁlfégrg?aéﬁggég?&ylg{ (léfn

phot ocatrlhybtid adResbyecioniisitiohiofglaggdnt s, and hydrazi de curing agents. 21.
A thernoset adhesive conposition conprising the cured reaction product of
t he hybrid adhesive conposition of claim1l. 22. A substrate at |east

partially cogted w L4 ¥ ; trate at | east
partially cog%'ed %%“ﬂsﬁ}g aﬁfé%%@#ﬂlgﬁoé} dg‘%‘gﬁtﬁ% %%mp&%hor&&%&%@e{:t ronic
conponent conprising the conposition of claim1l. 25. An electronic
conmponent cogpr! Sknsqlbtstrr]a%e%? e sct)spleut't{aﬂg cgafiteg lw?t'h%ez <::L6mp02s?tion of claim 21.

24.  An electronic component comprising the composition of claim 1.

25.  An electronic component comprising the composition of claim 21.
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