;e3eV S$@T >H @0 APR 2003 5 ADHESI ON PROMOTERS CONTAI NI NG Sl LAI\@, APR 72003
CARBAVATE OR UREA, AND DONOR OR ACCEPTOR FUNCTI ONALI TY This invention
relates t jon pronoters containing silane and 10 polar functionality,
such as cgll// MIMOC&IF bamate, and urea, and el ectron donor or acceptor
functionality, ticularly to adhesi on pronoters for ‘Us€ in coatings

and on substri®®a for el ectronic appl i cations. Adhesive Ll iwONS are
used for a variety of purposes in the fabrication and ‘mﬁ@m&mmm}

sem conduct or packages and nicroel ectronic 15 devi ces! om nent
uses are the bonding of integrated circuit chips to | ead frdffées or other
substrates, and the bonding of circuit packages or assenblies to printed
wire boards. Currently, |ead frames are made of 42Fel58Ni alloy (Al loy 42),
copper, or silver- or palladiumcoated copper, and wire boards of ceramc
or |am nate. Adhesives that have good performance 20 for sem conductor
packagi ng may, however, bEDHETORPEOMATERSIHISTAMINGESIIANE, or nore of these
substrates. The addition of adHeAREAMATESPRLEBES MUl d serve to correct this
deficiency, but the comer cPENP§H CRAFEEDIQR HeedPHALIPY onpt ers do not
augnent adhesion to ail the substrates and the materials tend to volatilize
25 significantly before the cure tenperature of the adhesive is reached.
Thus, there is a need for new adhesi on pronoters with enhanced reactivity
and |over volatility tHaNneRRRfeistHE loSahd YorGREMBRE:S tdiinPiahd 4l €. 1 10
APR 2003 This invention relates to adhesive or coating conpositions

cont ai ni ng adbesiparr phetdaiiy, Such@al darbemitbanhiseinfate; e hes badelpdt@ADL er
conpounds. The adhesi on pronoter conpounds contain a silane functionality;
a pol ar 5 functi cieatradr peceglenfendibhajitycandipartatier)y topdresionpromaieccfarysamat e, to

i ncrease the adhesion normally pronoted by the siloxane functionality; and
an el ectron accep? er2tiegs asH g s¥tsHeteviRbeeqoN e epPlicdiopact with ot her resins

resent in the
P Adhesive compositions are used for a variety of purposes in the

fabrication and assembly of semiconductor packages and microelectronic

15 devices. The more prominent uses are the bonding of integrated circuit chips
to lead frames or other substrates, and the bonding of circuit packages or
assemblies to printed wire boards. Currently, lead frames are made of
42Fe/58Ni alloy (Alloy 42), copper, or silver- or palladium-coated copper, and
wire boards of ceramic or [aminate. Adhesives that have good performance

20 for semiconductor packaging may, however, be deficient in adhesion to one
or more of these substrates.

The addition of adhesion promoters would serve to correct this
deficiency, but the commercially available adhesion promoters do not
augment adhesion to all the substrates and the materials tend to volatilize

25 significantly before the cure temperature of the adhesive is reached. Thus,
there is a need for new adhesion promoters with enhanced reactivity and

lower volatility than those currently commercially available.



adhesi ve conposition. The nol ecul ar wei ght of these conpounds nay rkhdPR y003
be adjusted 10 for a particular curing profile so that the conpound does
not volatilize during curing. The adhesion pronoters of this invention have
the structure ROOr ROS R-XCY-RZ-EOL n Rm15 in which mand n
i'ndependently are 1 to 6, preferably 1 to 3, and nore preferably 1; Ris a
C, to C6 al kyl group, or an aromatic or heteroaromatic ring or fused ring
having 3 to 10 carbon atoms within the ring structure, in which the 20
heteroatons may be N, O or S; R and R2 independently are a |linear or
branched chain alkyl or alkyloxy group having 2 to 100 carbon atoms, which
chain may have cycli c TARInREtiS relales to 16heSRER0rZB8hg ¥ompekitinaddtdhingS or N(R3)
with the proviso that X and Y may not both be 0 or S, and in which R3 is a
C, to C4 al kyl) predfsenalimpterss ahydniogeecificabésjdn, pranotetdayboundsdThenr e
preferably is hydrogen; and E is an el ectron donating or electron accepting
group. 5 Suit abl @drdsiosprometeacwensungs apnieingssienedunciignelitgxecifidre, nal ei mi des,
acrylates, fumarates and nal eates. Suitable el ectron donor groups are, for
exanpl e, vinyP ethé‘r‘%‘a“téﬁH‘eéa&VE?fﬁa’f‘?}edéﬁ"aoérﬁh'a‘iﬂﬁﬁ‘ﬁ@t%@d%eaéﬁ rnal to an

aromatic ring and_ con d with sat in.the aromatic ring.
The activity of tﬂ'éesl?lpé'g E‘/ "HBAEY E“f ﬁﬁéf 3&"1‘3{?}“36{/@8? °f ﬁ'ﬁﬁ‘r‘){nhe vinyl 10
ether functional i-baentAl B TEHEARGEY ByeR HiGnS | B ARLAGIRL NG
substituents on the aromatic ring, of decr eased by a ddi ng el ectron

wi t hdrawi ng substauﬁe@mbaemgggmoractl vity can also be varied by steric
interaction. An increase in the nunber or size of alkyl substituents on the
carbon to carbon doublTee olachia osejotieitresde vdntdourids enagreatiy becadjusteg or t he
carbon to carbon 15 double bond of the vinyl ether group will decrease the
reactivity. PPef&r awpvlculaﬁyr'regmﬂy‘%q souesithe compeune dessrnebrr'atitizecdvritton doubl e
bonds wi Il be hydro or will be hydrogen with nethyl as only one of the
substituents. Oné’ur thod of preparation of the adhesion pronoter conpounds
proceeds through a reaction between a first starting conpound contai ni ng
the 20 el ectron donor or electron acceptor and the R2 group and a second
starting conpound contTﬂéguh'aQorta%mék}sadmsamnﬁo%aﬁmgmmre The R and R2
groups will each contain a co-reactive functionality, such that the
reactive functionality on thee R greup will react with the functionality on
the R2 group. Exanples of correachi e fu@:tl o] ties are al cohol, thiol or
am ne, which 25 woul d react 'Lg_gin {j‘he choi ce of react ants in
practice will be determ ned by co I‘CI aI I y aval ble starting material s.

In theory, the choice of reaftant an be chosen by the practitioner to
achieve the desired 3 7 0 APR Z003.end conpound) but in any case, the
chem cal linkage will be a carbamate, thiocarbamate, or urea |inkage.
Exanpl es of syitaghlgstarting materials containing the siloxane

m and n independently are 1 to 6, preferably 1 to 3, and more
preferably 1,
R is a C; to Cg alkyl group, or an aromatic or heteroaromatic ring or
fused ring having 3 to 10 carbon atoms within the ring structure, in which the
20  heteroatoms may be N, O, or S;
R' and R? independently are a linear or branched chain alkyl or
alkyloxy group having 2 to 100 carbon atoms, which chain may have cyclic

moieties,



functionality are gama-i socyanatopropyltriethoxysil ane, 10 APR 2003
gamma- am nopropyl tri et hoxysi | ane, gama- am nopr opyl t nnet hoxysi | ane,

N- bet a( am noet hyl ) - gamma- am nopr opyl tri met hoxysi | ane, triam nofuncti onal
sil ane, bis-(gamma-trimethoxysilyl propyl)am ne,

N- phenyl - gamma- am nopr opyl t ri net hoxy- si | ane,

N- bef a- (am noet hyl ) - gamma- am nopr opyl net hyl di net hoxysi | ane, and

gama- mer capt opropyl tri net hoxysi |l ane. 10 Exanpl es of suitable starting

her o o AT B B
3-i | -a, thyl 3 b I d
and' | Sosugenol - BaprcetBrat o EERIBH e D BRI, N0 e
el ectron 15 accedqte@p{w %H@ﬁ&ﬂe%?@érbﬁl%s%&o noctyl mal eat e, dibutyl mal eate)

dioctyl funmarate, dibutyl fumarate, and nal ei nides. The adhesi on pronoters
are fornmulated into aﬁl‘l’dﬂSlls‘éSelethbatdoﬁﬁ;}lng poélédtrlrga@bpte\g@mnsul ant conpositions.

The formulations typically will contain a curable resin, one or nore curing
agents) and rfay cont aBuitable elsAicICEapior groupTRrBdaIGH ATRIE takM{des, | er, in
addition to the adhesion pronoter. . eneral the silane adhesi on
promoters will “ﬁﬁt%%&ﬁ'ta“i“ﬁs %W'eélﬁﬁpég'?ﬁbiecﬂ'%t’?rhd%ﬁr HPHASIFES Pangi ng from

and var ?eé‘“"aﬁd“’e Poleh P raeeber Braren saBoiti ke Do, cont i no.
posting and enc BEHL&%’}M%& i%@%gﬁgﬁ@pgn Iglpg,[%plrhxe glgﬁa&rr% t| tioner to neet

a specific end use ary curing agents are thernal
initiators and phot oi ﬁ'\édcﬁxﬁ?%ﬁth@@l@&%ﬂtdohd? fGnB@)naNy]&ﬁér\ﬂ%nQQémﬂﬁl tion in an
amount of 0.1 %fo 10% preferably 0.1 %to 3.0% by weight of the electron
donor conpoutid. &nefferctiedlity bar teehcréasied bypsdaling eienednutbeatipgsoddtidests such as
butyl peroctoates and di cunyl peroxide, 5 and azo conpounds, such as

2,2' -azobis(2- me@'hti?Pﬂfﬁﬂ@b@m%?rtdﬁmeé\*déhélddzngzﬂecvon withdrawing

azob| s(2- et hyl tanenitrile A preferred series of photoinitiators is
one sol d under t?ﬂlg’Stﬂ e P I?Ct?VPyg%?&ﬂ% bB%ﬁftﬁf‘S’éS@ﬁ%‘EiﬁéﬁCP% @enical's. In sone

formul at i ons, bobeLick WBhybll 81 SBANGLANGKERNILIBLLOD aBnDe desirabl e,

for exanpl e, t he curing process can be I'rradiation, and in a
later 10 pr ocessadﬂuguesobﬁ@c&\}a@ht@@wmame%nﬁﬁmlg%t%caasoﬁ peafep! i cation of heat
to acconplish the thermal cure. In general, these conpositions will cure

W thin a tenyerajabe bbamqehd)finyV&ﬁbrtgﬁ)uaml@,ec@I:da toelrebetyityM Rrefetadly ef f ect ed
within a range of ten seconds to three hours. The tine and tenperature
curing profile o?”yéabﬁinﬁotﬁmiﬂlftoia@ﬁnwqarbOQHOWPr‘%P”@\ﬁ vihbe Axdreggecd fi ¢ el ectron
donor conpound anﬁP?He ot her onents of the formulation, but the

paraneters of a ¥ Yreseg mitp a‘eg@rﬁ?a'yaa? PIdbe ORI Sor act i ti oner skilled in
the art without undueoﬁé‘ﬂ?&fxwyﬁ%hﬁ& ofﬁ{'élatdﬁ&llo% c?xﬁlﬂé’r%#ng&i Pé |llers are

carbon bl ack, graphite ver num adi um ni ckel

al um num  si i co o&a%ﬁplh%gh QQJa@fbnrHeMe'eﬁj@)lrsggarﬁhg?dﬁﬂﬂgunda:@ﬁitaﬁ‘n fAena. Sui tabl e
nonconductive fillers are particles of vermculite, mca, wollastonite,

cal ci um car bamat éectioh tdamr 6r, elédrnd acogptarsahd trfaBzegdo@ahu eaecchdeedingi | i ca, barium
sul fate, and hal ogenated ethyl ene polyners, such as_ tet rafl uor oet hyl ene,
trifluoroethyl eneompeliddontding the &J@qu and the R’ rDnyUpf |TL|PQﬁ d@d Rvﬁlfhtgnsl dene

chloride, and vinyl chloride. When present, fil be in 25 anpunts

of 20%to 90% by" ?‘Ej‘rﬁ"”*@f‘ at‘}‘fée‘?CBYeer”Céi?r?BB'M S%@a'rta? Teﬁwvﬁg exanpl es are
intended as an i} ystiatd Qn @f o LSl RYGUhh B BEh3N§ oL A2 QiR construed as

alimtation. 5
Examples of co-reactive functionalities are alcohol, thiol or amine, which

25  would react with an isocyanate. The choice of reactants in practice will be
determined by commercially available starting materials. In theory, the

choice of reactants can be chosen by the practitioner to achieve the desired



10 APR 2003 EXAMPLE 1 O CH3COZH H2 CO2H - Acetonitrile O O H N CO2H E(3MRR 2003
Toluene OH OO OH SCCIZ ~-N O O O G NaN3) H20, toluene ~N . o NaHCO3 refl ux
O O ~N NCO O O H2N~Si - O~ - 10 ~,PR 2003 0O HH ~0 N N~ NCOi~ ~ A solution
of one nol e equivalent malefic anhydride in acetonitrile is added to one
equi val ent 6-am nocaproic acid in acetic acid. The mxture is 5 allowed to
react for three hours at roomtenperature. The fornmed white crystals are
filtered off, washed with cold acetonitrile and dried to yield the amc

aci d adduct . The a1 6 achd . addustcaLs Il AEMelhhol iSLRMATRAE | N tol uene.

The m xture is he Wo "hours and~water is CO cted in a
Dean 10 Stark tr gpecarAmall SaRdLinkYevent is evaporated and 2M HCl is added
to reach pH 2. The product 6-mal eim docaproic acid is recovered by

extraction w th ethyl Fagsped & suthbiisaging vekeriby SOainiage elsagrer at i on of the
sol vent. 6-Mal eimdocaproic acid is treated with excess thionyl chloride at
50C for three hotustionBéyaiemiamgatisvcganyiopropyitoethagsiiase, gesinelalmégd- of f to | eave
the 15 product, 6-nmaleim docaproic chloride. Wth vigorous stirring, a

m xture of oné nBreeYiEgiowallasa: sagwetamineRyPde methoxeiene, Nbetuene and a

catal ytic anmount ,of benzyltriet hr}/l anmoni um chl ori de i ,
(aminoethyl)-gamma-aminopropyltrimethoxysilane, triaminofunctional silane,

bis-(gamma-trimethoxysilylpropyl)amine, N-phenyl-gamma-aminopropyl-
trimethoxy-silane, N-beta-(aminoethyl)}-gamma-aminopropylmethyldimethoxy-
silane, and gamma-mercaptopropyltrimethoxysilane.

10 Examples of suitable starting materials containing an electron donor
functionality are hydroxybutyl viny! ether, cinnamyl alcohol, 1,4-cyclohexane-
dimethano! monoviny! ether, 3-isopropenyl-a,a-dimethylbenzyl isocyanate, N-
(6-hydroxyhexy!) maleimide and isoeugenol.

Examples of suitable starting materials containing an electron

15 acceptor functionality are dioctyl maleate, dibutyl maleate, dioctyl fumarate,
dibutyl fumarate, and maleimides.

The adhesion promoters are formulated into adhesive, coating,
potting or encapsulant compositions. The formulations typically will contain a
curable resin, one or more curing agents, and may contain a conductive or

20 nonconductive filler, in addition to the adhesion promoter. .

In general the silane adhesion promoters will be present in such
compositions in an amount ranging from 0.005 to 15.0 weight percent of the
composition.

Curable resins are many and varied and weli-known ta practitioners

25 in the adhesive, coating, polting and encapsulant arts, and can be chosen by

the practitioner to meet a specific end use.



is cooled to approximately 10C in around-bottom flask. One nol e equij\ya\fRn103
of 6-mal ei m docaproic chloride is added dropwi se to that solution over
approxi mately 40 mnutes. Stirring of the solution is continued for one
hour at 15C and for one hour at 20C. The organic phase is separated off in
a separating funnel and washed with 2N aqueous sodi um bi carbonate sol ution
and with water. The organic phase is dried with MyS04 and filtered. The
filtrate is introduced into a round-bottom flask and heated slowy to

reflux I 10 APR 2008 end 80DRRELYLHs o BB iR BEALORMAL T Lhe

evol ution of nitrogen has cease solution Is reflux for a
further 30 m nut @gsamth thébdrREvEQMdoBiton ih 8n BAGUNEE 0. 1% & @9, pléRpapRot t om f | ask.
The solution is concentrated using a rotary evaporator and the residue is
di stilled under a.1k @Qh.0va6uweLki@f PE@RLE® dohe comp&intl Hefanmet hetrsdcyanat e
functionality. One nole equivalent of maleim de with isocyanate
functionality i s in@totsin@@lepstoxdes dudhrestbalyirenetoates and ficwed perokicesd f | ask

equi pped Wi th_a nechanical stirrer, addition funnel and nitrogen

i nl etloutl et.dThén$ @2cPMBRHNPS Sb‘Fha?ée%lz GEpiSt2- WF‘PY‘I&’@Q?ﬁ”e”éHG Eires 2s'ol ution is
heated to 70C. The a nol.e equi val ent

ganma- ami nopr opy PERS %WS‘&Z@?F{&‘%@ '(BWﬁs%r g%‘fﬁf'?s &p F@fﬁ'@g?torﬁ\ *1960) di ssol ved
in toluene. This 3318|uh' o 1 tr’a(?en?s? % P] %I&%a's@%éfﬁr&%ﬁc Q! | 091@ over ten

m nutes, and the resu ting mx |ona three hours at

70C. After the reaghiis toiahdAUaskdEn ERMnoloRiteRAdya/ERRERbIM 8y the m xture
is washed with distilled water three tines. The isolated organic layer is

dried over MJS04 exdmplé, eeedrirntodebecmte\sarted byeiradiatidn andweglaert 0 gi ve t he
product. Ov N NCO O EXAMPLE 2 CHI 0 HS~Si,0,CH3 O ~CH3 O H CH~O ~N N~S~O

I ~O. CHs O | 010 CHprocessingsier certngicambeermptsted iy tes ariptietion efthedtdocyanat e
functionality from Exanple 6 is solvated in toluene in a three-necked fl ask
equi pped with a acwpﬁb@ej@@'gﬂagcui% mechani cal stirrer, addition funnel and

nitr ogen ' nlet/out] et 'nﬂf& ra[rﬁr%gé Jé%ﬂ:og ﬁong cﬁg VH{M;) ﬁ%ér&g%%hgﬁao?d the

solution is heated to tion funnel I's c one nol e

equi val ent game- Ry £3ePL AR TES BRINE LhARg d;(n\guﬁen bRisto Si | quest

A-189) dissolved in to uene I's solution 1s a e | socyanate

sol ution over temsd ﬁB&FseS‘heﬁrHQaﬁﬂ@mb&&UJetdu% mf?féé’freﬁcmﬁﬁtﬁa%ﬁ @ an
additional three hours at 70C. After the reaction is allowed to cool to

room t enper atiar e varyvth thexpetifie elestrancdvherdompdund @dhs thie lothedcovabosents dir ee ti nes.

The isolated organic layer is dried over MyS04, filtered, and the sol vent
renmoved in vacuo thedorgiuagon he theregricaters ehervPrEprofiloranbeaiysisy be

practitioner skilled in the art without undue experimentation.
Suitable conductive fillers are carbon black, graphite, gold, silver,
copper, platinum, palladium, nickel, aluminum, silicon carbide, boron nitride,
20  diamond, and alumina. Suitable nonconductive fillers are particles of
vermiculite, mica, wollastonite, calcium carbonate, titania, sand, glass, fused
silica, fumed silica, barium sulfate, and halogenated ethylene polymers, such
as tetrafluoroethylene, trifluoroethylene, vinylidene fluoride, vinyi fluoride,
vinylidene chloride, and vinyl chloride. When present, fillers will be in
25  amounts of 20% to 90% by weight of the formulation.
The following examples are intended as an jllustration of the

invention and are not to be construed as a limitation.



OtJ~ Si-O- H Ganma-i socyanat opropyl tri et hoxysilane (Wtco Corp., ilﬂf&ﬁf
A 15 20 1310) (34.1 g, 0.134 nole) was solvated in toluene (100 nﬂ) A
500 nl three-necked flask equi pped with a mechanical stirrer, addition
funnel and nitrogen inletloutlet. The reaction was placed under nitrogen,
and 0.02 g of dibutyltin dilaurate (catalyst) was added with stirring as
the solution was heated to 80C. The addition funnel was charged with
ci nnanyl al cohol (18.5 g, 0.134 nole) dissolved in toluene (50 nm.). This
solution was added to the isocyanate ggahiti EQn over ten mnutes, and the
resulting mxture was heated 9 10 APR 2003 for an additional three hours
at 80C. After the re&action was allowed to cool to roamtenperature, the
m xture was washed with distilled water three tines. The isolated organic
| ayer was dried o NbSOtbrLLLE%kﬁgK%ng\the spl,geM renoved in vacuo to
gi ve the product ||n 95% yAld. AeN-Acsbrfie NCOi HOH N~ Si-O- w
Gamma- am nopr opyl 't et hoxysi |l ane (Wtco Corp., Silquest A-1100) 10 (20 g,
0.09 nole) was solvated in toluene (100 nL) in a 500 nL three-necked flask
equi pped with a neclkanical stirrer, addition funnel and nitrogen
inletloutlet. The reaction was placed under nitrogen, and the solution
heated to 50C. The Qddjytion funnel was charged with
3-i sopropenyl - a, adi t£?d¢¥¥yy¢LvL§nganate (nEghiM ) (18.2 g, 0.09 nole)
di ssol ved in tol e (507nL)>"Thi'€0sdl utiof,y@g added to the amine
solution over te ninqggs, and the resulting mxture was heated for an
addi ti onal one ho OC. After the reaction was allowed to cool to room
tenperature, the m xture was washed with distilled water three tines. The
i sol ated organic |ayer was dried over MySCa, filtered and the sol vent
removed in vacuo to~give the product in 20 96%vyield. 10 10 APR 2003
EXAMPLE 5 Ol CH3COPYH O + HN OH1 NNaCH OO CHO O OCN~ Si, O- O One nol e
equi val ent of nal efkc anhydride and o nol e ival ent of 5 10
. § o SHE,
l )
0

NaNj, H,0, toluene

[
Cl
. N/\/\/Y >
! NaHCO,
O

reflux
6]
l[:i>N//\\v/ﬁ\\//«\Nco
|
5 © [/,

0

+ NN
HoN ?l-O\/ _—
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15 20 6-am no hexanol are dissolved in anhydrous acetic acid and{gh#R 2003
solution is heated under reflux for eight hours. The acetic acid is
distilled off in a rotary evaporator. The residue is dissolved in diethyl
et her and washed once with 1 N NaCH, and twice with water. After drying
over MyS04 and evaporating the diethyl ether, the residue is crystallized
fromisopropyl ether to produce N (6hydroxyhexyl) naleimde. One nole

equi val ent of gamma-i socyanat opropyltriethoxysilane (Wtco Corp., Silquest
A-1310) is solvated in toluene in a three-necked flask equi pped with a
mechani cal stirrer)Paddition ]‘_Iunn | a nitrogen inlet/outlet. The reaction
is placed under p+trogen, and:O. nol e; equi val ent dibutyltin dilaurate
(catalyst) is adde Noit o st M \a»s‘\Lh%‘\@m\uti on is heated to 90C. The
addi tion funnel isVcharged withone noPe equival ent N-(6-hydroxyhexyl)

mal ei m de di ssolved”in toluene. This soljution is added to the isocyanate
solution over ten mnutes, and the resulting m xture heated for an
additional three hours at 90C. After the reaction is allowed to cool to
roomtenperature, the mxture is washed with distilled water three tines.
The isol ated organi c Rayletion o ook meld equiaieniVvig86id antiydtidedn ecbtamitdle ishe sol vent
renoved in vacuo to give the product. 11 10 APR 2003 EXAWMPLE 6 ~O-OH +
OCN~-SIi -O~ - 0 11 a@‘aﬁlgo Sje.qOuIVRIETCAATENOC B ARG GRS Pt MeTrbig/8i | ane (Wt co
Corp.) Sil quest 5 10 42.6 g. 0.172 nol e) was spolvated in toluene (100
1) Pih & 500 5. ovied ekl troelirdh TPRERPIRYR IGREVATRl st i rrer
addi ti on funnel ifr ! |_et,. > . F k | aced under
nitrogen, and O. grgg%@(?%e f@?%ﬂt?@malg%d%acﬁ?gfée(g‘ﬁglgggf%e??o %@g tHz%dded W th
stirring as the glctkic@aawas heated to 50 C. The addition funnel was
charged wi th hydroxybutyl vinyl 10 ether (BASF) (20 g, 0.172 nole)

di ssol ved in tol uene ({[bdarikhcid Zddust iSmixad withtrig@dgaraide adoliedet Mee | Socyanat e
solution over ten mnutes, and the resulting m xture heated for an

addi tional four mitursisdieat®@®.13pfq fer twb heurs erctwateris ortiected ih elednt 0 cool to
roomtenperature, the mxture was washed with distilled water three tines.
The i sol at ed®r g&HFictrapaybe oigaric spiveatds exappraiy 304 2MHQ! s @fdad ta Baghd t he

solvent remved L Vaeuo 0 S a g REOdSt. L0, 28001 Shdon iRy 10 APR 2003

Gamma- i socyanat o i et i e | r i, l.guest A 5 10 15
1310) (29.02 g, 8{”%%%&%%1 ﬁ'n%%ﬁgh%‘a?@%%ﬁ&?@ﬂﬁgﬁgS?QV:L'J(S’ ) in a 500 ni

t hree-necked flask equivpp@fid¥dabldiciciBaRaRiGAh eSdeks Ry cRsidietdt on funnel and
nitrogen inlet/outlet. The reaction was placed under nitrogen, and 0.02 g

of dibutyltin di berarfettereé Bairal Ratginingabiodyd credticaist distitddi offitd legvetie t he sol uti on
was heated to 50C. The addition funnel was charged with

1, 4cycl ohexamn&di pmetbdrfohaleimitovapmj¢ cheariter ( BASF) (20 g, 0.118 nole)

di ssolved in toluene (50 nmL). This solution was added to the isocyanate
sol ution over ten ni nWftBYIGORHYSTHE: 3 BRYIa 9f REe MPREAYERISHLEOINERRZ for an

addi tional thr eeinho IS, Ute eSOg. Ag er tohet r%ag}i %r]}yrgas ailul ocwetho cool to
room tenperature, Vf & RIRIUTE A8 _V\)&aaéﬂé‘a QUPERY i _ QR8T hree ti mes.
The isol at ed or g%ryogleéi Wa%?romﬁteg/rﬂo%din9?’0%@&%@9&[&18&.'d)&e%cﬁgemlekhe sol vent
renoved in vacuo to give the product in 94%yield.

of 6-maleimidocaproic chioride is added dropwise to that solution over

20  approximately 40 minutes. Stirring of the solution is continued for one hour at
15°C and for one hour at 20°C. The organic phase is separated off in a
separating funnel and washed with 2N aqueous sodium bicarbonate solution

and with water. The organic phase is dried with MgSO, and filtered. The

filtrate is introduced into a round-bottom flask and heated siowly to reflux



EXAMPLE 8 This exanple shows a reaction schene for obtaini ng a co

with two el ectron donor groups. 13 i 0 APR 2003 0 HO-N~-SI ,
i i OOWNGCG~N~S, O~ --~. ~1 N C 05 EXAMPLE 9 The vi scosMy and

percent wei ght
were conpared to the viscosity and percent wei ght

o PR

| oss of adhesion pronoters fromthe 10 previ ous exanpl es
| oss of an adhesion

pronmoter comrercially available fromWtco Corp as Siiquest Al74 having

ester functionality,

A-174 adhesi on plApRLEfe. h@e’ﬁu% i fhaln@l Ae@%ﬂ%e%&b‘tﬁ%léf fitro
~~CHg 15 The viscosity was determned on a Brookfield visconeter,

51, 10 rpm and theson@6cie Rbatyweir@bi relIsr d0etrer 80 MRGke®¥nd] Bfer cooling,

and no carbamate or urea functionality. The Siiquest

3L ~Si O-CH3 |

spindle #

(thernogravinetric analysis) with a rpmrate of 10C m nute wi th nmeasurenent
at 200C. The r esislpbgred o 4 loencimdtbmdlesip Jhe sdutian & coteninatedudinges f ol | owi ng
10 APR 2003 Adhesion pronoterViscosity (cPs) at 25CWei ght Loss

table. 14
at 200Csi |

uest miaryaE0gagneddin leeiduede digtilgdenden? high verogg tW%@é-&Prpl e 3708.1

/|~ The data show t hat the vi scosm%mls | ower and the volatility is higher

for the commetci RHEIMPIEATds Vilypeeyangt

One mole equivalent of maleimide with isocyanate functionality is
solvated in toluene in a three-necked flask equipped with a mechanical
stirrer, addition funnel and nitrogen inlet/outlet. The reaction is placed under
nitrogen, and the solution is heated to 70°C. The addition funnel is charged

10 with one mole equivalent gamma-aminopropyltriethoxysilane (Witco Corp.,
Silquest A-1100) dissolved in toluene. This solution is added to the
isocyanate solution over ten minutes, and the resulting mixture heated for an
additional three hours at 70°C. After the reaction is allowed to cool to room
temperature, the mixture is washed with distilled water three times. The

15  isolated organic layer is dried over MgSQ,, filtered and the solvent removed

in vacuo to give the product.

EXAMPLE 2
0 CHa,
%
O\
o] CHs

O]

H CH3\O
—_— I N\/\/\/NYS\/\/SI\ _CHaj

0 O CHs
20

One mole equivalent of maleimide with isocyanate functionality from

Example 6 is solvated in toluene in a three-necked flask equipped with a

8

PdPN3Ynpared to the exanpl e adhesion



pronoters. 5 These adhesi on pronoters next were fornulated into adhﬁi V‘ﬁ
formul ati ons containing the follow ng conponents: 5.0 gester-I|inked APR 2003
bi smal ei m de5. 0-gcarbamate-1inked bis styrenel. 15 g(poly)but adi ene rubber
graftedwith 8% mal efi ¢ anhydri de0. 115 gadhesi on pronoter0.23 ginitiator (
Wtco,. USP- 90MD)34.5 gsilver flake The ester-linked bisnmal eimde had the
followng structure: OOOO0OI NOCs ONOOZ10 in which C36 represents a
m xture of isomers of a linear or branched al kyl chain having 36 carbon

atons, resulti ngm];cgh% ic%Qﬁr&eq{%gﬁigrf@geg%hogﬁ@glepﬂle%ﬁle@qihgreaa@ n% eic acid. The

diner acid is converte then reacted wt

6. mal ef m do- capr gl&aaibdl nhiBad LA h Sohiod WHkalefiRec ThR £aRBRTAL e | nked
styrenic had the followng Structure: I OO0 H\~ O C36 O- NH 15 15 10 APR

2003 in which C3RnidRIESGES RitrPorimdidddRivAbntigdRRser@btogrobjinear or branched
al kyl chain having 36 carbon atons, resulting fromthe dinerization of

linol ei c and ol eirihetekydtane Wecolldi® | Sigcésti Ai189)amavedd ie tbluene t Ttes al cohol and
then reacted with the 3-isopropenyl -a, a-di net hyl benzyl isocyanate to form

t he carbanat &6 5 kiluike =itigd te tiedsccyampteisnldtionTdyer ttromimuteatandtiye were tested for
volatility during the curing process and for identification of the adhesion
pronot er by headessutng raguregetad fopen gdiitional dueadfourstid 7&Gn&&pitee f or mul ati on was
tested by TGA. The results are set out in the follow ng table and show t hat

the formul ati onsr@eien & P P Kee! KoY HEWERH D Msrikireds Hedef idd in this

speci fication haye.a | owe iLght..l oss.than t hose prepar Lth the
conmmer ci al adhes¥l8twe%¥v%tﬁbt§ ree\é\ﬁm as@efgfarﬁﬁiloé a}ngﬁaygrn' Bf'%fgoﬁf W?%@" adhesi on

promot er Head Spag, 3G TR HiveRELAERE T a8y BB thel P& Rict.

10
EXAMPLE 3

©/\/\OH + OCN-Tsio L —>

Gamma-isocyanatopropyltriethoxysilane (Witco Corp., Silquest A-

15 1310) (34.1 g, 0.134 mole) was solvated in toluene (100 mL) in a 500 mL
three-necked flask equipped with a mechanical stirrer, addition funnel and
nitrogen inlet/outlet. The reaction was placed under nitrogen, and 0.02 g of
dibutyltin dilaurate (catalyst) was added with stirring as the solution was
heated to 80°C. The addition funnel was charged with cinnamyl alcohol (18.5

20 g, 0.134 mole) dissolved in toluene (50 mL.). This solution was added to the

isocyanate solution over ten minutes, and the resulting mixture was heated

9



at 200CSi| uest A-174640 nD.53%xamle 1610 n0.5lexam | e 245 nD. 32ﬁ m{gﬂp@(}@
336 ppnD. 29% 16 10 APR 2003 VWE ClI ~, I M An adhesi on pronoter havi g
structure ROOROS R-X-CY-RZ~-E L On Rrnin which mand n

i ndependently are 1 to 6; Ris a C- to C3 alkyl group or an aromatic or
het ercaromatic ring or fused ring having 3 to 10 carbon atons within the
ring structure, in which the heteroatons may be N, O or S;, R and Rz

i ndependently are a |inear or branched chain al kyl or alkyloxy group that

have 2 to 100 carb h E i
ol 6 m da or oup. 5 SA2G LR X BhE 1 A oAV R L5l o ﬁo&%‘ﬁ' f6honds

connected to an gr t ion in the
ring, and X and %’rgér;%u(g% E e tﬁ%]%§§%%at%%tsﬁ& Mrhoc}\}ltlﬁs% hat L{Yn"?e Y may not
both be 0 or S, Qﬁ@lsbIQteM"BFgﬁrmc r'm%s@n&"ov%rol\/lg—g’OJ,—ﬁll%?erd Ab Kﬁé'sclvgnt The adhesi on
pronoter according to claim1 having the structure: OHH~O~ N N~ NCO iw

O- 10 APR 2003rdhdvediidacdd tNgide-th&pkadiict dro5eNgel@. ' 01 Cl-1g 0 SI-~~ Hi H Ol
HN- N~ Si- O

5
EXAMPLE 4
x J/
+ |
H.N">"Si-0 —_
NCO e
N
DU
N/\/\§i-o

~"

Gamma-aminopropyltriethoxysilane (Witco Corp., Silquest A-1100)
10 (20 g, 0.09 mole) was solvated in toluene (100 mL) in a 500 mL three-necked
flask equipped with a mechanical stirrer, addition funnel and nitrogen
inlet/outlet. The reaction was placed under nitrogen, and the solution heated
to 50°C. The addition funnel was charged with 3-isopropenyl-a,a-
dimethylbenzyl isocyanate (m-TMI) (18.2 g, 0.09 mole) dissolved in toluene
15 (80 mL). This solution was added to the amine solution over ten minutes,
and the resulting mixture was heated for an additional one hour at 50°C.
After the reaction was allowed to cool to room temperature, the mixture was
washed with distilled water three times. The isolated organic layer was dried
over MgSQ,, filtered and the solvent removed in vacuo to give the product in

20  96% vyield.

10



or OH ON ON-~Si~O- O O O An adhesi ve conposition conprising a cdfakiRel003
.resin, a curing agent, and an adhesi on pronoter according to claim1l1. 4.
The adhesi ve conposition according to claim3 further conprising a
conductive or non-conductive filler. 18 .A2. A Ayu. Ah . AAF. AY . AL 3. Al . A[. A
Y.AfU A .AS . A AF.A .A hY. A HnXx5z];c vy

PXu} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]ca] ca]ca]ca] ca]cTa] ca]c8a]caluwd *

OpEJKbo/ } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ga],?a]ga] ca] ca] ca] ca] cal ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal

#OBL(#. #H2#aH| #x#{ #~H#HAHHFS5$~$S~yt 0] e [ V] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca
] ca] ca] ca] c™a] ca] ca] callc”™a] ca] ca] ca] c”a] ca] ca] ce]_lccac] ﬁa] ca] ca] ca] cal $$! % %k
F&&&G "&(y()))) *WZ}] 10 +n-4. A 2,

"o & .8 > pxrmheMY] ¢ ] cal ca]"b'a] caV] ca] ca] ca] gR|Nz@lca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] cal@a] ca] ca]jcaJcalcalcalca!'>. Qu..////1111112224" 4. 45%
Gb(abi 5t 556#707888{ vql gb\ W] caV] ca] ca] ca] ca] ca] ca] ca} ca] ca] ca] caV] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca) caV] ca] ca] ca] ca] ca] ca] ca] calkc a! 8888888899J9L9ORIU

==l >?>E>Q>[ >mpp>>>79 wrRhc) ca] cd] c%q"éa,]/c\a],é%ca] cal] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] caJg] ca] ca] ca] céﬂ"ha] ca] ca] ca] cd.ca] ca] ca! AAB

BB+B8Bx Bz B} BBEEEEFF2F8FEF-GFRFUFXF* FdFz FFFFFFFF| wr mhc”)Y] ] V] ca] ca] ca] ca] ca] ca
] c6a] ca] ca] ca] ca] c, a] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca! FGHHBI <I HI | bheSd@d eghshdiltehiLdt alelZMENMYE/AMAE INNNNAEG Qo BiBE bY] | V] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c”a]ca]c
a] ca] ca] ca] ca] c 8-a0p O 2RPARXHIsOnEIQPYDORERIRRRESEI 883%: Jotbfidd BT TU| wr mhc™Y] ] V
] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca{)gpay]ica] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] c”a] ca] ca&)] c]eeieP dafe siucosephy NFATFYTTTU wr mheY]

el oaéfca] Ak Mv%%]%e i)l cal
EB% gz/q(&) Vse SlOCV & () c5 ”3%%( %ﬁér)@i’g?&&éﬁméég%@ é&&f@“n% /&&( %)

z10% & ()-' 10% &iithyi 3hherYING rekidiue Jsersib@iz&Mer%@pr&ﬁyrélﬂé?V oduce R1B% & () -0
10% & ()-,/Z10% & ()-;c aBYNC 10%m& ()- & &LO%M& ()-!&

&10% " & () - &S10%y8tokyhexy) idarm’le( ) - s' MLO%I&' ()-c y PXu =YNC! 0 ~10%)& ()-
"1099) & () -

Oce mole equivalent of gamma-isocyanatopropyltriethoxysilane

(Witco Corp., Silquest A-1310) is solvated in toluene in a three-necked flask
equipped with a mechanical stirrer, addition funnel and nitrogen inlet/outlet.
The reaction is placed under nitrogen, and 0.01 mole equivalent dibutyltin
dilaurate (catalyst) is added with stirring as the solution is heated to 90°C.

15 The addition funnel is charged with one mole equivalent N-(6-hydroxyhexyl)
maleimide dissolved in toluene. This solution is added to the isocyanate
solution over ten minutes, and the resulting mixture heated for an additional
three hours at 90°C. After the reaction is allowed to cool to room
temperature, the mixture is washed with distilled water three times. The

20 isolated organic layer is dried over MgSQ,, filtered and the solvent removed

in vacuo to give the product.

11



9g10%r& () - @O%ME' ()-! <f#10%&' () - 910%M& () - uwd*?YNC! 010%P
& ()-8& *10%m& ()-nt10%r& ()-m (10%r& ()-' 10%r& () -

%\ 1 y109%& () - St @10%& () - S& 10%&' ()- 10m 10m
10m 10%m& () -! NOLOY& () - &UCzX6~\: ! 1y109& ()-!\y10% & ()-!\y109% ()-y1l0%& (

)-Sly10% - & ()-S! DW10% ()-S{\=! F10% & ()-' nml0% & ()- 10 10

109 () -

10 APR 2003

10: t 109%& () -! Sy, 4109h& ()-! Dy, 4109%& () - OpEdE{\ =!Zz10% & ()--10% & () - 310% &
"()-10% & ()- 9L10% & ()-1 10% & ()- IJKAE{\=!9' @0% & () -

9% 10% & ()-#10% & ()-110% & ()- , 10%&)E510% & () - KbodE{\ =!
210% & () -
,10% & ()-*ml0% & ()-) 0% & ()-/1234@b@ ! 9310%##& () -' FrilO%VE () -

90Z10% & ()-1.10% & () -

10::t10% & ()-5z10% & ()-310% & ()-i | *

zX6b@ 1109WMY&' ()-!f10%& ()-!al0%& ()
"QUtt b r g\ =l &Y10% & () - 10M 10M
10M : STOME () - NI SO (ol 5-10%
310%j1j & ()-L!310% /& ()-L!€310%J %
f109%&' ()-°
MLO% 5] 5& ()-:!g MLO% /& ()-:!v10%]& ()-9!(

1090V () -

) - LTvO
Fy 10% & ()- #. #2#O0#a#l #{ #wWU3g\ =! w

10988 ()-10f 109& ()-!3+f 109& () - Y3mLO%VE (/)/-

0
~© )LN/\/\ISi_

| IO\/

Gamma-isocyanatopropyltriethoxysilane {Witco Corp., Silquest A-
5 1310) (42.6 g. 0.172 mole) was solvated in toluene (100 mL) in a 500 mL
three-necked flask equipped with a mechanical stirrer, addition funnel and
nitrogen inlet/outlet. The reaction was placed under nitrogen, and 0.02 g of
dibutyltin dilaurate (catalyst) was added with stirring as the solution was
heated to 50 °C. The addition funnel was charged with hydroxybuty! vinyl
10 ether (BASF) (20 g, 0.172 mole) dissolved in toluene (50 mL). This solution
was added to the isocyanate solution over ten minutes, and the resulting
mixture heated for an additional four hours at 50°C. After the reaction was
allowed to cool to room temperature, the mixture was washed with distilled

water three times. The isolated organic layer was dried over MgSQ,, filtered

15  and the solvent removed in vacuo to give the product in 95% yield.
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10 10 105$~$$$! % 99GEEr S4! 10YL09%VE ()- FLO09%VE ()- 3109%VE ()- LIO%VEQ(ARR 2002
_F109%VE' ()-f 109K ()- YRF&E& G dErS4! 10 (109%VE () - &10%VE ()- $109%VE () -
#GLO%VE' ()~ L!F109%& ()- 10%& ()-G''&y())))dE:/ 10M 10M5 : S10%& () -
1- 10988 ()-"/ 109V& ()- .109%VE ()- @ 109V& ()- " *109VE& ()-)))) +WZ+] +xY: /
10M 10% & ()-10% & ()- F10% & ()- ff10% & ()--s10% & ()- & | mL0% & () -

10M + +n--.". & dB:/ 10M ,)109%& ()-Z #10% & ()- '10% & ()- 10% & () -

Y, 10% & ()-410% & ()-& ..8.> Qu..zX9:/ 10M 6-10% & ()-!,.10%& ()-m (0°)3
109 ()-! P )3 10%V& ()-9 410% & () thRubi@%& ()-Z.//111111bC

-

0 o
OH + OCN>"sio . ——>

_ [
/\o/\o\/OJOLW‘:;_ o
A

Gamma-isocyanatopropyltriethoxysilane (Witco Corp., Silquest A-

5 1310) (29.02 g, 0.118 mole) was solvated in toluene (100 mL) in a 500 mL
three-necked flask equipped with a mechanical stirrer, addition funnel and
nitrogen inlet/outlet. The reaction was placed under nitrogen, and 0.02 g of
dibutyltin dilaurate (catalyst) was added with stirring as the solution was
heated to 50°C. The addition funnel was charged with 1,4-

10  cyclohexanedimethanol monovinyl ether (BASF) (20 g, 0.118 mole) dissolved
in toluene (50 mL). This solution was added to the isocyanate solution over
ten minutes, and the resulting mixture was heated for an additional three
hours at 80°C. After the reaction was allowed to cool to room temperature,
the mixture was washed with distilled water three times. The isolated organic

15 layer was dried over MgSQ,, filtered and the solvent removed in vacuo to

give the product in 94% yield.
EXAMPLE 8

This example shows a reaction scheme for obtaining a compound

20  with two electron donor groups.

13
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EXAMPLE 9

The viscosity and percent weight loss of adhesion promoters from the

previous examples were compared to the viscosity and percent weight loss of

an adhesion promoter commercially available from Witco Corp as Silquest A-

174 having ester functionality, and no carbamate or urea functionality. The

10 Silquest A-174 adnesion promoter has the following structure:

o) o Ot
™ /\/\l 0]
0 S\i’ “CHa
O‘CHg

The viscosity was determined on a Brookfield viscometer, spindle # 51, 10

rpm, and the percent weight loss determined by TGA (\hermogravimetric

analysis) with a rpm rate of 10°C/minute with measurement at 200°C. The

15  results for the neat compounds are shown in the following table.

14



109 ()-! OL10%& ()-U9:/; ==! >?>dEnbC 10! EPL 610%& ()- 4109%& ()- 310%&{)APR 2003
S$109& ()-Y "109%& ()- 109%& ()- ?>B>C>D>E>Q>[ >p>wsb@ 10! EP!

109%2z& ()- @10% 8& ()-FF10% & ()-' mL0% & ()- 10 10 109109%& () - w>>>?9@@aBb@
10! EP! 94.0% * & ()- M#310% & ()-10% & ()-: &10% & ()- nl0% & ()-!0

109 () - AAAABB BB+BbA 10'EP! 1  s10% & ()-yZ109% ()-& nil0% ()- 10: 10:
10: y910% & () --10% & () - +B8BxBz B} BBEaBbA 10! EP!

y10%&' ()-S, 109%&' ()- S#10%&' ()-s10%&' ()-Y

10(y&' () - I Xlo(y&/&/&' (}l E'_|:|:’)|:K]:C:|:7|:‘~ CAVANC. 101 2RI 10 10 10 100/4&'_(__ - 5
109%& () - S510%& () - YAﬁiﬁ%‘d’&O"CC)'e’s‘ Glo\%"izi c%dﬁ?EFRﬁt—XFAE/&FgO BYNC
' _ d1non > o
101 +10%e& () -Y ! &30% llques‘tl-\ 134 99.6%
example 1 30 23.0%
example 2 120 9.7%
example 3 70 8.1%

The data show that the viscosity is lower and the volatility is higher
for the commercially available material compared to the example adhesion
promoters.

5 These adhesion promoters next were formulated into adhesive
formulations containing the following components:
5.0¢g ester-linked bismaleimide
50¢ carbamate-linked bis styrene

1.15¢g (poly)butadiene rubber grafted
with 8% maleic anhydride

0.116¢g adhesion promoter
0.23 g initiator ( Witco, USP- 90MD)
345¢g silver flake

The ester-linked bismaleimide had the following structure:
0 0]
0 0
| N\/\/\/U\ )K/\/\/N |
| 0—056—0 )

0 )

10 inwhich Cs6 represents a mixture of isomers of a linear or branched alkyl
chain having 36 carbon atoms, resulting from the dimerization of linoleic acid
and oleic acid. The dimer acid is converted to the alcohol and then reacted
with 6-maleimido-caproic acid to form the bismaleimide.

The carbamate-linked styrenic had the following structure:
x Z
o en ol
15

15



| @O%& ()-!Y MLO% ~: ~& ()-!Y MLO% : & ()-"'110% & () - zFFFFFFF} A?YNG) 1R 4003
91'10% & ()-3F10% & ()-&s10% & ()-! 109& ()-Y ! 109& ()-Y 10% & ()-Y
FFGHHH6I } A?YNC 10! + 110% & ()- 610% & ()-!39*F 109%& ()-!39*F 10%

& ()-#10% & ()-&Y(10% & ()-6191:1;I<IH ZIjIrIbC

10! +1094VE () - 109VE ()- 109%VE ()- (FYLO%E ()- 10: 10: 10:f

:10% & ()-r1~I11111TKL. C\10%V& ()-10%VvE ()-109%VE& ()-'\1109%V& ()- 109%V& ()- I
I1111110P1CLO%VE () - 109%VE () - 109%VE ()-'\ 10%VE ()- 10%v& ()-109%& ()-1111111&

JI S2C  310%#& () - 104V ' oA = ‘%%x{l%‘ @- 2K (,é- zJJJJ K\ <2C
F10%#& ()- F10%#& Ew M%;j%ﬂﬁ%é%wﬁ% YA e{%"? %?o- il 'ﬁ?"] MLO%-#&' () -
KKK. K/' K6 KUKVKX Xty EAG iR o (35 caload e s, rédutting A% oreiharizatiohQYaméfid ) -
VKVWKgKr KzKKKKpX<C F10%#& () - F10%#& ()- F10%#& ()- F10%#& () -
F10%-#& () - KKKKkHIE:6 Xdi€s. The dimer acid is converted to the alcoho! and then reacted

with the 3-isopropenyl-a,a-dimethylbenzyl isocyanate to form the carbamate

5 linked styrenic compound.
The formuiations were tested for volatility during the curing process

and for identification of the adhesion promoter by headspace GC. Total

weight loss of the adhesive formulation was tested by TGA. The results are

set out in the following table and show that the formulations containing the

10 adhesion promoters described in this specification have a lower weight loss

than those prepared with the commercial adhesion promoter.

Base Formulation Head Space GC TGA
and identified Amount Released Weight Loss
adhesion promoter at 200°C
Silquest A-174 640 ppm 0.53%
example 1 610 ppm 0.51%
example 2 45 ppm 0.32%
example 3 36 ppm 0.29%
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Q
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m
in which

m and n independently are 1 to 6;

R is a C4 to C3 alkyl group or an aromatic or heteroaromatic ring or
fused ring having 3 to 10 carbon atoms within the ring structure, in which the
heteroatoms may be N, O, or §;,

R' and R? independently are a linear or branched chain alkyl or
alkyloxy group that have 2 to 100 carbon atoms, which chain may have cyclic
moieties,

E is a maleimide group or a group containing carbon to carbon
double bonds connected to an aromatic ring and conjugated with the
unsaturation in the ring, and

X and Y are O, S or N(R®) with the proviso that X and Y may not both

be O or S, and in which R%is a Cq 1o C, lower alkyl.

2. The adhesion promoter according to claim 1 having the structure:

0
HoH L‘P
N ,
| N\/\/\/N\”/ \/\//SI\O/\

0
0 0 7

17



-

$$10% & ()- ."10% & ()- 10% " & ()- 10% & ()- S TATTTTTTT{ ZN@lO%%lEP
Q0Z10%&' ()-! d00Z10%T& ()- /Z10% & ()- Y+10% & ()- R 2003
)10% " & ()-TTTTUU| [: M@B10 OF10%j-& ()-: F1099T9& ()-: s 10%&' ()-

L10%&' ()- L10%& ()- (Y10909& ()-UU2UBU| UUVzYBM@B10 3+f10909& ()-y-

'10909& ()-- 9099& ()-- ~0S10%J& ()--

S109%&' ()--!F10%&' ()-: V| UUVzYBM@B10 3+f10909& ()-y- '10999& ()--

%40909& ()-- "~ 0S10%J& ()-- S10%&' ()--! ;10999& ()- Normal" "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73] c" "Heading 83]¢" "Heading 93]c"A "Default Paragraph Font 3}

&, ! 15D; ?7C; FImMNQSXZ\ ~* bdf hid nprtvxzu/ $>. 8AFAQ1W5?@\BCDEFGrzc uwKi "

#{#5%%G )] +& . 12Q6#789U9 A+BESFzFFQIrid | &1
KVKKL ? MVA OPP- QNQK QQRST
z{| }~6Ti mnes New RomanAri al
I " #$9R () *+,-./0123456789: ;
<=>? @GABCDEFGH JKLMNOPQRSTUVWKYZ[\] " " abcdef ghi | zl)mopqr stuvwxyz{|}~

A~oaBef ghi j kI mmopgr st uvwxy
r?[épfa\/‘br dDocument

urier New'hpRoot E

3. An adhesive composition comprising a curable resin, a curing agent,

and an adhesion promoter according to claim 1.

4. The adhesive composition according to claim 3 further comprising a

conductive or non-conductive filler.
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