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RADI ATl ONrf34F E, CYANQADRYLATE- CONTAI NI NG COVPQSI TI ONS BACKGROeBES1OF THE
[-NVENTI ON Fi el d of the Invention 5 The present inventionzI
relates to a radiation-curable conpsition which includes a cyanoacryl ate
conponent or a cyanoacryl ate-containing fornul ation, a netall ocene
conponent and a polynerizingly effective anount of a photoinitiator to
accelerate the rate of cure. 10 Brief Description of Related Technol ocy
Cyanoacryl ates generally are quick-setting materials which cure to clear,
hard gl assy resins, useful as sealants, coatings, and particularly

adhesi ves for bonding together a variety of substrates [see e.g., H V.
Coover, 15 D.W Dreifus and J.T. O Connor, "Cyanoacryl ate Adhesives" in
Handbook of Adhesives, 27, 463-77, |. Skeist, ed., Van Nostrand, Rei nhol d,
New York, 3rd ed. (1990). Odinarily, upon contact with substrate materials
possessi ng a surface nucl eophil e, cyanoacryl ate-containing 20

conposi tions spontaneously polynerize to forma cured material. The cured
mat eri al exhi bits excell ent adhesive properties to materials such as
nmetals, plastics, elastoners, fabrics, woods, ceramcs and the |ike. WO
98/ 38260 PCT/ US98/ 03819 - 2-
Cyanoacryl at e-contai ni ng conpasitions are thus seen as varsatile class of
si ngl e- conponent, anbi ent tenperature curing adhesives As noted,
cyancacryl ate ploynerization is typically initiated using a nucl eophile. Tha
cyancacryl ate anionic pol ymarezation reaction process until all avaliable
cyanoacryl ate nononmer has been consuned and/or term nated by an acidic
speci es. A T{rxnpbt berpERHONTHARD2CECATES MDNTA TMTiNGh chliPoscyarmers vyl at e
nmononer s undergo pol ynerizaion is an anionic

EACKGROUND OF. THE INVENTION

Field of the Inventiocn

5 The present invention relates to a
radiation-curable compesition which includes a cyanoacrylate
component or a cyanocacrylate-containing formulation, a
mectallocene component and a polymerizingly effective amount

0Z a photoinitiator to accelerate the rate of cure.

10 Brief Depcription of Keslated Technology

Cyanoacrylates generally are guick-setting
materials which cure to clear, hard glassy resins, useful as
sealants, coatings, and particularly adhesives for bonding
together a variety of substrates [see e.g., H.V. Coover,

15 D.W. Dreifus and J.T. O'Connoxr, "Cyanoacrylate Adhesives" in
Eandbook of Agdhesives, 27, 463-77, 1. Skeist, ed., Van
Nostrand, Reinhold, New York, 3rd ed. (1990).

Ordinarily, upon contact with substrate materials
possessing a surface nucleophile, cyanoacrylate-containing

20 compositions spontaneously polymerize to form a cured
material. The cured material exhibits excellent adhesive
properties to materials such as metals, plastics,

elastomers, fabrics, woods, ceramics and the like.



one, free-radical polynerization is also know to occur in this regard under

prol onged e re to heat or light cf an appropriate wavel ge
\%65@?8% supra. Ordinarily, however, free-radical” Bmsz?er_s,

such as 15 qU|nones or hindered phenols, are included in _
cyanoacryl ace-cont ai ni ng adhesive fornulations to extend their shelf life.
Thus, the extent of any free-radical ol ynerization of comerci al
cyanoacryl ate-contai ning conpositions is typically mnimal and in fact is
especi al | gy2tpacyndesi-racieif:oncatclkeast - 1dves reasanrust aked. aW eh

convent i opal o pol yarerizabl.e conpesitiops. ot her_t-han thase.contalning
cyanoacryl at e nongners, radiatfon cure generally presents certain

advant ageS-oves tHeErViegfown cure et hods. Those advant ages i ncl ude reduced
cure time, 25  solaenictek necpahtadr{vWhteh-therehaeduces environnent al

pO||UIIOn“_ﬁﬂd-CQDSQI%Q&,L%M/nﬁtgrla| Dd energy),and,lnd gggegt of | ow
t her rmal ST¥ESS|ng of “substrate" naterlaf T oot énperatiurée radi ation
cure preve%%%—d%ghadéﬁréﬁiétD@erﬁatﬁ*héap”sgﬂgwﬁ|VéhpoPQHEF§=‘ﬁhbeﬁ may

occur duréyhdedO; 1 st iiBleCUREs PLOELAYE L Radi Ald - eur-ablec=kes{ n- based
conp05|t|ons are, Iﬁgﬁpn for a variety of uses in di'verse industries, such

as coatinys,2printi C*&ectroni c, nedical and genera: engineering.
Commonl y, radlatlonacuxabkeLcenposnbhmnanarﬂpéﬁg:imméﬂ W@rcadhesives, and

in sueh usedde-sesla mRy-OkdunarklyBe,6hosen: I OBLAML: Qhionss
acryl ate- based_resi ns,. Vl'| - known exaines of_radiation-curabl e,

epoxy- bas®F r est §1% 355c193de Pey¢T6aF Fphafict %nﬁ*%fsﬁﬁéﬁoFvocc“VK}§8/38260
PCT/ US98/ 384 Oredkrd epmiey pesinsgeépexbdsded tovoliacsrandgghyetdyh

pol yethers. 4 U231 Batent No, 4,690,937 (FujJj gkau) _and_European
Pat ent PuBTY E@Q€§ﬁQg€§v§%§ggs§_ %ge Cugnb ‘tuﬁ%rTﬁg sm-Tor such

radiatlonv%%%aﬁﬁ LiepderehESed éénﬁé@rﬁﬁen@"%%—*%ﬁﬁw%euf%Qa BE caei onic
pol yieer i zgki®dhes or hindered pherols, are included in
cyancacrylate-containing adhesive formulactions to extend
their srhelf life. Thus, the extent of any free-radica
polymerizaticn of commercial cyanoacrylate-:ontaining
compositions is typically minimal and in fact is especially

20 undesirakclie fcr at least the reason stated.

With conventional polymerizable cocmpositions cther
than those containing cyanoacrylate monomers, radiatciocn cuxe
generally presents certain advantages over other known cure
methods. Those advantages include reduced cure time,

25 solvent elimination (which thereby reduces environmental
pcllution, and ccnserves raw materials and energy) and
inducement of low thermal stressing of substrate materizl.
Also, room temperature radiation cure prevents degradation
of certain heat sensitive polymers, which may occur during a

30 thermal cure procedure.

] Radiation-curable, resin-based compositions are
legion-for a variety of uses in diverse industries, such as
cocatings, printing, electronic, medical and general
engineering. Commonly, radiation-curable compositions are

35 used for adhesives, and in such use the resin may ordinarily
be chosen from epoxy- or acrylate-based resins.

Well-known examples of radiation-curakble,

epoxy-based resins include cycloaliphatic and bisphenol-A



Vel | - known exanpl es of radiation-curable, acrylate-based resins included

t hose haviyigeg/shéguct ural backbones of urethanes, am des, Im(IZiG!BS98£BB$IGrS
hydr ocar bons, esters and siloxanes. [See e.g., J.G W)ods 10

"Radi at on- Cur abl e Adhaesi ves” in Radiation Curi ng Sci ence and Technol ogy,
333-98, 371, S.P. Pappas, ed., PlenumyPress, New York (1992).] The common
cure nechani sm for such radi ati on-curabl e, acryl ate-based conpositions is
free-radi cal pol émerl zation,, Europeaq Patent. Publiation. EP 393_407

descri be$PF*¥adFatFon- BRrAbF 2 TompoS13h A EHYERcr adBBL BESPOW cur e
cationi c Bekyreri.zalll. 8. epaxide, Na. fAasiS e tired iradicakrpoiynerezabl e
acrylic cqompanent.and.a QhO—I--QImJI&I—OI’ -pon. exposur.e.tQ.radi ation, the
photoinitiator 1s sal_a be 20 _ capabl e of qgeneratl ng a cationlic species
whi ch i s “C&p&bre &R r““tvat?ﬁgﬁfﬁ)bff VIRSPIYZaE SR 6 tvﬁé'ép’é?(?d% and a free
radi sal specesawibCBel satapabt eodr iddtdaatisag pol ymeri zation of the
acrylic component. The ]t_)ol Xmen zabJ e acs yI I & _canponent . incl udes

monof unct i onal acryfat“e ~3hd aCryir‘aT"e EstErs FEuch “255°- a8

cyano- f urctivondkir- 2zededcr gt atest ahidiae riyleitee estiercs stexanppkes of which are

extr esseql)a@%bz\ eyaneebbylnacty!l atg: fGH ertlw=GHCQEGERer r] CH err] CN) and

3- cyanopr. opy!| |late (CH err CHQCIIJH err]CH err]CH err] CN).. See page
5 lines* i’g 058 )["\é“*f’he %ho di ‘fﬁ]"t‘l*a‘tDT “ric udehsc‘-[=s=°n|§&m—sa|“t§ o‘f‘ %r"(g)Up Va, Vla
andivl | a "&sdielloasCurahi arlem.easnmzﬂ'ex:es Ragig: tgene Cak-tiy itongene salts,
provi ded Jthat-_the RBLEN i akschpseq,as 4 he phatcpjsm tizat og Lﬁusabgo Lo be one
which is capapl e ot generatl ng both a cationic speciés “and a free fadical
speci es 415¥n “@%KostPE2 o! r adiat FORTOR & HAFERNUSnEC5654CBage 7, |ine
15.) O hezgiepacheduirabe Mkt o £ egarak a1y pheicdel:yaer izabl e corrposi tions

i ncl udes f.qr m.;la%t 1.QRS o V\QV9§1382,60

PCT/ U898/“03§ -4- conf'ar nrng epoxy corrpounds and netal conpl exes such as

15 European Patent bliczticn EP 393 407 describes a2
radiation-curable compositicn which includes a slcw cure
cationic polymerizable epoxide, a fast cure free radical
polymerizable acrylic component and a photoinitiatoxr. Upon

exposure to radiaticn, the photoiznitiator Ls said to be
20 capable of generating a cationic species wrich is capable ci

1Cz

Q
th
o,

initiating polymerization the epoxide and a free ra

ju)

4
species which is capable of irnitiating pclilymerization of the
acrylic component. The pclymerizable acrvlic component
includes monofunctional acrylates and acrylate esters, such

25 as cyano-functionalized acrylates and acrylats esters,
examples of which are expressed as 2-cyanoethyl acrvliate
{CH,=CHCOOCH,CH,CN} and 2-cyanopropyl acrylate
(CH,=CHCOOCH,CH,CH,CN) . (See page 5, lines 19%-26.) The
photoinitiator includes onium salits of Group Va, VIa and

30 VIIa as well as iron-arene complexes, and generally
metallogene salts, provided that the material chosen as the
photoinitiator is said to be one which is capable cf
generating both a cationic species and a free radical
species upon exposure to radiation. (See page 5, line 56 -
page 7, line 15.)

Other reported information regarding

photopolymerizable compositions includes formulations



disclosed in U S Patent No. 5,525,698 (Bottaner) U S . Patent No.
4,707,432 Gat echair) speak to a free radical polynerzable cor i.tion
whi ch iné’l"é@%@sz@é) 5 polymerizable partial esters of epk ’ﬁggg@l%ﬁg and
acrylic and/or nmethacrylic, and partial ester of polyols and acrylic acid
and/ or menhacrylic acid; and (b) a photointiator blend of a '
cycl opent adi enyl iron conplex and a-#ensitizer or photointiator,such as an
acet ophenone 10 In D.3. Yang and C. Kutal, "Inorganic and

O ganonmed@ld 41 :PRotk@crtd abapsiinks Radiadd0n Qi Rg=8Ci engR and Techrol ogv
21-55 S.P. Pappas, .ed., Plenum Press, New York (1992) .. cycl opentadi enyl
transition metal. conpl &xe§*ars-di dcussed with attention paid to ferrocene
and titanocene. | ® the~absehcBcof < halogerat sthumdizay)Yapasandt®Kut al report
that fersracenad:2-AhgLoinert ;-though-id 1he presenceef.guch apdia and a
vinyllic source free radical initiated polynerization may occur. And in C
Kut@ , FERYEWEH%aRG D-3: ¥ana™ s "& PO Nové="&t Patefy ¥ orPhot oni ti at ed
Ani oni ¢ Rot Aaremiszaticonl icMaeranptéecid sesidl s GE/2cEF-2£1894) , the authors
note that..|c]onspicuousby absent.fromihe; current, catal ogue of

phot oi nitat'ors are thosé that _undergo phot ochem cal rel ease of an anionic
i nitiatimPPeciesTor Phe guPhof sCEFSFHOIRE LY. (f&e: EPRYH>Cyamdacryl ate
is "unaf{ \%et—midma&r @angedo(;%:hi:&fr asliat i:0n am Talftehb@hénefgev\la\_/egengt h
>35Q nnt ereas if the presence.o .. Cyanoacryl ate i s observed to
solidi fy i mmedi at é|ny,"§éne*r°at=i ﬁaahéa%\“‘the *‘p*r"‘dc:—*”)e/“s“srf Though the NCS was
not in t¥EReTaSEddner abedcasiairesudt bf BEiatioradixibon SCisums

gener at edh 4 remdhe Rl negkate anton ligand fiehd excktation thereof
Wi th neaﬁ-u“{f\a}w ofet/visible Light, Wile netallocenes (such as
fer r ocens®)* have BeeF VENMPFGYEECH nacr YT 3T bl d aiaeFoBF C S 48RedT Ve

conposi taars e wa.tf. ztU=8ziPat patdNos. LS8 GAGA(Malokskyyned, 525, 232
(Roaney) s, 4,133,446 Canvway) -and: EBs 4041, 1424 ot elheyed that to date

[ iR T -4 o = O

a cyanoacryl at e- based adhesi vé conposition Has been developed | ncl uding
t her ei n %pa: rerrccens is photoinert, tnougnh in the presence of such

h,

media and a vinyllic source free radical initiated
polymerization may occcur.
And in C. Kutal, F.A. Grutsch and D.B. Yano, “A

20 Ncovel Strategy for Photcinitiated Anionic Pclymerization',

Macromoliecules, 24, 5B72-73 (1931}, the autnsrs note that
"{clonspicuously absent from the current catal

photcinitiatcrs are those that undergo photochemiczl release

cf an anionic initiating species." The authors zlsc ncte
25 that ethyl cyanocacrylate is "unaffected by prclonged (24-h)

irradiation with light of wavelength >350 nm" whereas in the
presence of NCS', cyanoacrylate is observed to sclicify
immediately, generating heat in the process. Though the

NCS™ was not in that case generated as a result cf

30 irradiation, it was generated from the Reineckate anion upon
ligand field excitation thereof with
near-ultraviclet/visible light.

While metallccenes (such as ferrocenes) have been

- employed in acrylate-based anaerobic adhesive compositions

o]

[see e.g., U.S. Patent Nos. 3,855,040 (Malofsky), 4,525,232
(Rooney), 4,533,446 (Conway) and EP '407], it is not
believed that to date a cyanoacrylate-based adhesive

composition has been developed including therein a
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net al | ocendv@8e/38360 ned herein, particularly wth respect topcruss@gsgfsr ough
a photoinitiated mechanism Acordingly, a photocurable conposition o

i ncluding a cyanoacryl ate conponent, a netall cene conponent and a

phot oi niti ator conponent woul d be desrahl e as possessing the benefits and
advant ages of cyanoacryl ate-contai ning conpositions while curing through at
| east a Phato-ihndugeo polkyperjzation mechanism. 10~ . .

SUMVARY O:MTHE | N% %Tl _%\I“%ﬁ_”e“%‘r‘ %é‘n‘t*?'n\féﬁﬁ“iﬁf—'ﬁegt}’s “the dBSPREtexpressed
above by [FovFdi RGFEBHPO3I P ona: whi titdchalamdera seyanoacr yl at e conponent  or
a cyancacryl at e- cont.akBi-agn£0F MUY ati o, ~.a-detallacene cgoponent -and a

phot oi ni tiator, 15_ - Desirably, such conpositiors”aré curable arter
exposure to radiation tn THEEBTECtr dhraliteti-CEpeceraRP=eAeco?rdingl y, in
such Padi &°PGR16E phoPocaPapbestonposid iensisx (pelyreekzbpgtyseffective
amount of -aephehekntti abershowl d. he used, The photacuraple conpositions of
this invention 20, [et__aign t%e benefits é‘r?(f‘cacfgaaﬁt’agé?i%‘f“ﬁ%di ti onal
cyanoacr | &t 8FE3nt aPAF nf~ conpost o @ Mide sturisng =t br dhghc atndeast a

Phot o- i ndpeéspolyaeiczatt omemesrchr ani sm thereby providing to the
conpositions (and cured reaction products fornmed therefrom the benefits
and advant ages of curing 25 t hrough such a nechanism More specifically,
phot blur abl e conpositions a$@EERNER FHFimviERranti on cure rapidly, and in
so doing mnimze th portunity. for. undesirable hlopmng or crazing
formation in the cufgfj??é%%’t#gn‘%"rﬁl&u&? & “EnotRefeadpect f e33R pr esent

i nvent i on®PthBrBY 397CViSinT (Vi 14 ivetshett ioh pakynéeizi ng a phot ocur abl e
conposi t i opabyzprovath ngorsbradfund- Qf Lhe cenpesition.to. r?jfrg{si red surface
and exposkpg..the. conposi i [ uffitient to effect

1 ddon 19T adi ation in an _anmount suffi’
cure thereof, Tn yet’ another aspect GFre™pr 85ent PRYEMIENA3F - there is
provided PrelEdred resch i rguudictsf erpedutabiraafcer exposure to
radiation in the electromagnetic spectrum. Accordingly, in
such radiation or photocurable compositions a polymerizingly
effective amount of a photcinitiazor should be used.

The photocurable compositions of this invention

8
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se benefits and zdvantages of :traditional
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anoacrylate-containing compositions while curing through
eas

T
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photo-induced polymerization rechanism, thereby

a
7 A - I —~ < A5 3 3
rovicing to the ccmpositions (and cured reaction products

sl

formed therefrom) the benefits and advantages of curing

25 through such a mechanism. More specifically, photocurable
compositions according to this invention cure rapidly, and
in so doing minimize the cpportunity for undesirable
blooming or crazing formation in the cured reaction product.

In another aspect of the present invention, there
is provided a method of polyvmerizing a photocurable
composi%ion by providing an amount of the composition to a
desired surface and exposing the composition to radiation in
an amount sufficient to effect cure therecr.

In yet another aspect of the present invention,
there is provided the cured reaction product formed from a
photocurable composition after exposure thnereof to a

curingly effective amount of radiation.



phot ocur abl e conposition after exposure thereof to a curingly effective

amount o [ ation. WO 98/ 38260 T/UA98/03819
RCT/ U898%§§%?%% The present invention will be nore rea |(I§/ apprecat ed

by those persons of sill in the are based on a reading of the detailed
description of the invention which follows and the exanples presented
thereafter for illustrative purposeé?'DETAI LED DESCRI PTION OF THE

| NVENTI ON Thi s invention relates to photocurabl e conpositions which

i ncl ude a cyanoac¥itape:sonponernigrora weyanbacngk at zeadhbai ni ng

formul ation, -a,apkatl ocene. component. ang;a:polypeLi zinalys&f f4ctd ve anount
of a phofoinitiator, The cyanoacryl ate , conponent or cyanoacryl ate-contain
in for MfE&ETEN° rncPud"”‘cyancacrsyﬂ At P8 SEnbhdner §2whi ¢h iy be chosen
wi th a rafiticet substrtum-s: Sy asritkase eepeésent £cr by

H ecr] CSC( L= OOOR, Rﬁ is selected fromCerr] alkyl, al koxyal kyl,
cycloal kKyT, al’l?enyr ar’aTT< aryl, allyl and hal oal kyl groups. Desirably,
t he 20 cyanoacryl ate monomer is selected from net hyl cyanoacryl at e,

et hyl - 2- cyanoacryl %i}@'AIF?IﬁP!)'ES@)bQ@@@@Wb@t@ﬁm butsreyanoacryl ates, octyl
cyanoacryl ates, allyl-2 -cyanoacrylate, [err]-nmethoxyethyl-2-cyanoacrylate
and conbi nati ons f—héﬁeeﬂ’fﬁ—m’ﬁ tl’l’fe:llﬂ%ﬁﬂ V- dEsictapleagyanoacryl at e nmonomer
for use herRRi29onsl §hEERYInZr-cyanoasraHRlE 1As¥acLetyn @i ofganonetal lic
materials are @_I 0, _sui t abl _e__fvo,[ use herein. Those materials of particular

i nt er est™Yer&icn jrﬁyelf)% “Fepriesthtett by Trefal’| Gebfed* W?th‘l?] structure I:

[err][ I®mponent and a polymerizingly effective amocunt of a

i &)

hotoinitiatoer.

m

cyanoacrylate-containing formulation Includes cyancacry
monomers which may be chosen with a raft of substituent
such as those represernced by H,C=C(CN)-CO2OR, where R is
selected from C,.,; alkyl, alkoxyalkyl, cycloalkyl, alkenyl,
aralkyl, aryl, z2llyl and haloalkyl groups. Desirably, tke

cyanoacrylate monomer is selected from methyl cyanoacrylate,

o
o

ethyl-z-cyanoacrylate, prcpyl cyanoacrylates, butyl

cyanoacrylates, octivl cyanoacrylates, allyl-Z-cyanoacry_.ate,
B-methoxyethyl-2-cyanocacryiate and combinations thereof. A
particularly desirable cyaroacrylate monomer for use herein
55 is ethyl-2-cyanoacrylate
2
A variety of crganometallic materials are also
suitable for use herein. Those materials of particular
interest herein may be represented by metallocenes within
structure I1:
390 m
' @Rl
T
Yy, Me—v,
35 I
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where R erygogtsideR err] may be the sanme or different and neyr/osesussmt

| east once and up to as nany four tinmes on each ring in tinme event of &
five-menbered ring and up to as nany as five tinmes on each ring in the
event of a six-nenbered ring;, Rerr] and Rlerr] nmay be selected fromH, any
strai ght or branched-chain al kyl constituent having from1 to about 8
carbon atoms, such as CHerr] CHerr]CH,

CH err] CH@-T(ECIEI‘[Je?%‘_F) CCleM EFr [EefRrTeoPT ERETFTWE: A CFOW 2%al |yl ;
hydroxyl ;1 Larboyds =+GCHberkb] LEerLl G wher e o JBy. he an.ibntgger. in the
range of 1 to- about 8; (CH[err])[err] COCOR[ err], where i may be an

i nteger i$V¥Me Grarfde “f “PEFHaBOuE -BS adC Riler v Crﬁa)raoe &Ry f&¥Pai ght or

br anched-wchain cal keglchcensti tuente haveng ifoazné;imabmidBvcanbon atons; H;
Li; Ma;, or - (CHer ] V\/ner_revn ~may, b be 15 |nt.eger |che r.ange of 2 to
about 5; -(CHerr]) errTO:{ r "“wﬁer‘erﬁ n ﬁay bé’ an 1 nt egelS iI'n the range
of 1to ailfwier&:’omﬂlqﬁ[netﬂ]cyﬁmyobetﬁﬂtyeﬁtrraé*@]i'ttg frorbnanchedochakr aI kyI
consti tuent .havi ngJ from 1 to_a out 8 Qar bo atoms; Qf =L CH[ er, (]__)

(CH er r ] )BT R=°NfHePE20%° Wty Be an T HtEyer” m”lthe Fang

about 8 and )ﬁmy_v,be GeervBr[ @Endd; éilvﬁlotfﬂ*l‘clmﬁlr, Bfe[-ewtd;; Y[err] and
Ylerr] may @%t present at _all, but en_at |least one is present they may
be tle sang Ff PSS anb395°% Ry “BES98F ett e riomal A & Br-, Z-,

cyanc, rretm)e/,c,ace'rcyt) BEOX Ywndhid 10, mdf I e amicResy thi garyam nes,
trial kyl phospi nes, tri prbenyl am ne, tosyl and the Ii ke A and A may be t he

same or difdfEm art lane mRpube8Caod N; W@y be any stralghtrandrnl may be the
same or dlferent and M be ac-g:ipnd Meuls Ferc Tiy R Qoo e O O

Vvh, Pd, M6~ and 't O cour se dependl ng on
val ence sqaazt@*l tetenel;epenfo135Na; repr es$ented byaerve rmymhaveeadvdl tional

| i gards - - Y err]. a SOCI e Ihere th eyond the carbocyclic
|i gands dePi%d l&boqjg [‘Sug]ﬁ E?e Ef[’e?r %Y[ SPrTeand™ Y[ err]

are ) may be an integer in ,he range of 1 to aboue 8 and R, may be
any straight- or branched-chain alkyl constituent having
from 1 to about 8 carbon atoms; or - {CH,),-N'(CH.); X, where
20 n may be an integer in the range c¢f£ 1 to about 8 and X mayv
be Cl°, Br", I, Cl0,” oxr BF, ;
Y, and Y, may not be pressnt at all, but when at
least one is present they may be the same or different and

may be selected ZIrom E, Cl°, Br’, I°, cvanc, methcxy, acetyl,

% hydroxy, nitro, trialkylamines, triaryamines,
trialkylphospines, triphenylamine, tosyl and the like;
A and A' may be the same or different and may be C
or N;
30 m and m' may be the same or different and may be .
or 2; and
. ‘ M, is Fe, Ti, Ru, Co, Ni, Cr, Cu, Mn, Pd, Ag, Rh,
Pt, Zr, Hf, Nb, V, Mo and the like.
Of course, depending on valence state, the element
35 represented by M, may have additional ligands -- Y, and ¥, ~--

associated therewith beyond the carbocyclic ligands depicted

above (such as where M, is Ti and Y. and Y, are Cl7).
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Al terna’F i\YS'ﬂ g}i%m;?]al | ocene structure | may be nodified to igneysie@dsg@terials
such as: errjs ere Rlerr],Rerr], Y[err],Yerr], Y[err],Alerr], Aerr],
m m and Merr] are as defined above. A parti cular desirale exarrpl e of
such a material is where Rerr] and Rlerr] are each H, Y[err] and Y[err]
are each Cl; A and Alerr] are each NN>mand nferr] are each 2 and Merr] is
Ru. Wthin netallocene structure I, well-suited netall ocene materials may
be chosen from wi t ki peretaltoceneskeliorare FErugouferi [ma30 be

where R errl-;PEerk]:and M errd..are ;asdef kped above. Particularly

wel | -suited metal [ocene material's fromwthin structure | may be chosen
where Rlerr], Rerr], Y[err], Y[err] mand nmerr] are as defined above,
and M is chosen from Ti, Cr, Nh/:‘Ag, Zr, Hf, Nb, V and Mb. 35
Desmably, the nmetall ocene is &ﬁ/ ed fromferrocenes (i.e., where Me is
Fe), “such as ferrocene, vinyl fe ¢genes, ferrocene derivatives, such as
butyl ferrocenes or diaryl phospH‘m& nmet al - cgnpl exed ferrocenes [e g.,
1,1-bis WD 98/ 38260 A \
PCT/ US98/ 03819 (d| phenyl phosphl o) f er 1@cene - pal | adi um di chl ori de],
titanocenes (i.e., where I\/[err,_]..4 such as (1H pyrrol-1-yll phenyl]
titaniumwhich is available co i aI I y\f\r\,om Ci ba- Gei gv Cor porati on,
Targytown, New York under the narre "1 RGACURE" 764DC, and derivatives
and conbi nati ons thereof. A par arly, desirable netallocene is
ferccene. And bis-al kyl - net al Iocenes for instance, 10

where k., R,, ¥,, Y,, A, A", m, m' and ¥, are as
defined sbove A particulariv desivable example of such a
raterial is where R, znd R. zxye each H; Y. and Y, are =ach
15 '
Cl; 2 and A' are each N; m and m' are each 2 anc ¥, 1s Ru
Within metallcoccenz structure I, well-suited

mecallocene materialis wmay be chogsen from within metallccens

structure II:

20
F—
Me
25
;i;;; R2
il
35 where R.,, E, and M, are as defined above.
Particularly well-suited metallocene materials
from within structure I may be chosen whexre R,, R,, Y,, ¥,, m
and m' are as defined above, and M. is chosen from Ti, Cr,
Cu, Mn, Ag, Zr, Hf, Wb, V and Mo.
35

Desirably, the metallocene is selected from

ferrocenes (i.e., where M, is Fe), such as ferrocene, vinyl

ferrocenes, ferrocene derivatives, such as butyl ferrocenes

or diarylphosphino metal-complexed ferrocenes {e.g., 1,1-bis



bi s-al kyl ferrocenes (such as diferocenyl ethane, propanes, butanes and the
i ke) arewalmaszsi rable for use herein, particzlarly sinc®CIBHIB/3N| f of

t he equi val ent wei ght of the material (as conpared to a =
non- bi s-nmetal | ocene) may be enployed to obtain the sought-after results,

all else being unchanged. O the these materials, diferrocenyl ethane is
particularty desirable. O course, other materials nmay be well-suited for
use as the.nmetallocene component. _ For instance..20; .:g4e;

Merr][ ér"f"j;'gttg' TS - ST T ér“rﬂq“m5%e°'wgrg‘ 28%lef i ned above, and
W and W traagrbeenhe sane. orvitiAfd ef.ent @nd. naychezsel ected from H and

hal ogens, ;such as P and O . Exanples of such materjals include platitum
(1) acetyf Acet ohdte (COSTACAEEY T ~cdbar P2 €1 15 - acet =& tonat e (" CcACAC'),
ni ckel ('(h):-%?%&)ﬁk-?%vlgz@&%ﬁﬂatﬁt&ﬂ\ijﬁ%@%h@&@ goppeEn{Ll) acetyl
acetdnate (" OAQCAQJQ.:V nmbj nations of those materials may also be

enpl oyed SSATfambar - Bf - phot ot i 15 S IRRP e 16fpl 0FedYhe¥Ri %9 provi de the
benefitsYant addéant agescoddddrenprermHc FE" 7sazent eod terwhéchvesference i s
made above.s -Bhotginifiators gnhance Dtg}ec,-r,qﬁgiadjﬂ;__,ydgf:;rrgg guring process
when t he photocur abl'e conposi tions ‘as a whol e are é)‘(ﬁbse%i to

el ect r omE§RELEECERAI 481 DRTTTHF 1R n netal | ocenes, such as "1 RGACURE" 784DC,
may serve a dual pHAPOSEsaslibelhesdhilodwmisl,| geenengndnpbotoinitiator.

Exakpl es, of suitable photointiators for. use herein_include, but_ are not
linmted €0, ﬁﬁafarﬁfffgafférjs ;“v“a‘f*r dbl & comier ciar y fiom & b T gy Corp.
Tarryt owPRCRE®RSYBRR bhédetlfhe 21 RGAGURE: sHydPIBARCEURS et hadehanes,

PO UsoarGan s AL dO Rbous el SE Ghe sduielent welsht oF ne] 007
ne rr‘*"-a 1:':'" R "““—'.' LT e) = ~ r_ow)g.y.—-c_ g—gexx v—-.E en > ,:e one

( 2- met hy F2E1F 452 ERB2 hy FE ht 9)pHeyI§° % Mor A %ﬁd*ﬁr‘SpinrQ-'B%gé ye,

369[ err] efw2oyenzyl- 2o NN dhart gyl 1t der (Zbavsr-ghpeliinephenytjngd

‘bUfanon%hchéggéﬁhe genbipath 0N Afsrerials, diferrocenvl ethans is

particulariy desirable.

Of course, other materials may be well-suited for
use as the metallocene component. For instance,
50 M, [CW,;~-CO-~CE=C(0") -CW',],, where M, is as defined above, and W
and W' may »be the same or different and may bes selected from
H, and halogens, such as 7 and Cl. Examples of such
materials include platinum (II) acetvl acetonate ("PtACAC"),
cobalt {II) acetyl acetonate ("CcACAC"), =nickel (II) acetyl
55 acetonate ("NiACAC") and copper (II) acetyl acetonate
("CuACAC"). Combinations of those materials may also be
employed.
A numper cof photoinitiators may be employed herein
to provide the benefits and advantages of the present
30 invention to which reference is made above. Photoinitiators
enhance the rapidity of the curing process when the
photocurable compositions as a whole are exposed to
electromagnetic radiation. Certain metallocenes, such as
"IRGACURE" 784DC, may serve a dual purpose as both
15 metallocene and photoinitiator.
Examples of suitable photointiators for use herein
include, but are not limited to, photoinitiators available
commercially from Ciba-Geigy Corp., Tarrytown, New York

under the "IRGACURE" and "DAROCUR" tradenames, specifically



1- hydroxy cycl ohexyl phenyl ketone and benzophenone), 651

(2, 2-di rrg,hggg, $260 phenyl acet ophenone), 1700 (the combi natpmusys:obsi®

(2, 6-di nt hoxybenzoyl -2, 4-4- trinet hy] pernyl) phosphl ne oxi de and z
2- hydr oxy- 2- et hyl - 1- phenyl propan- 1-one), and 819 ;bis(2,4,6-trinethyl
benzoyl) phenyl: 10 phospohi ne oxi_ggl and " DAROCUR' 1173

(2- hydr oxy- 2-net hyl- 1- phenyl - 1- propane) and 4265 (the conbination of
2,4,6,ti me;tbyl benzoy di phenyl - phosphi ne oxi de and ‘ )

2- hydr oxy*-?«*rreﬁﬂil “BlpHénPy Eprepanc 1obwayt R thé=Frsebe Fight [bl ue]
phot ci ni t2 atofg;:-dl- L&aﬁEBO[~QUtHOﬁB*ﬁ@d31|.5—- mdRGACURE" 784DC. O cour se,
conmbi nations_of t hes,e rmtoerLaL§ gl@q be. errpl oyed he5e| n. O her

phot oi NI R Cr s Usetul “Rer eFn T net ude al ky (?‘ pyruvat €5, Such as et hyl,

et hyl , propysaisd iswmhehvpyr uvhresnocaal, afrqu idym\i@r“@snasuéh as phenyl
benzs-yl ang, 205y @mvwkbrﬂe{:yesvbSPéw%@dardﬁm%tdpfe@ohaer egk:
Photoinitjators égﬁtrtl cul ar weIT;sw ted for use herein include

ul travi ot et photoi it &t Br‘s ”suf:rﬁ 282282 et Sy - 2R5hERTEHE Bt BPhenone
(e.t., "¢RGACURE"S B8B5IEt hapt@tszﬂhwllexwz sret hirted mdherylkyll propane (e.g.,
) DAROCUPIJ%:?,SC 3 el 13):,6 PIS G2 4,.,6:Lr;§reg hyl . benzoyl). phenyl phosphi ne oxide
(e.g., " RGACURE" 819) and the ultravi oT et/ visible phot0| nitiator

conbi natPEP T BiED2, 6 2d nEL Rox§hBA2 of | € 25 Z-MeLHY REFRTY penPYET: phosphi ne
oxite anﬁﬂ’.ﬁtyxfreowﬁenehhﬁl 'mﬁphenyl' propan- 1-one (e.g., 30 " | RGACURE"
1700), S, t e,\u,,lbLe Lnifi bis {[erk] -

4-cycl opent |eﬁ 2y ZCI % pr gl fl%o‘?%g%e rﬁ[‘a)fr?ol 21 yI ) phenyl ]
titani unFEESERATIY RE b?SZIDC)E Wlh‘iié@be%ltp*tf(f\fiopﬁﬂ’l—ﬁﬂiﬁg phot ocur abl e
conposi tionse wez&lddstcsdgve /caere.auenﬁ spﬁaﬂvbeofdgéﬂdu@adwt 0:38 znh@ne

anot her in_any conyenient order Al ternatl vely ay be _desi rabl eto
prepare & Prem X oF 1 he L aF 36 8h8" tofponentS ‘aﬁ‘d“t”he‘ ﬁﬁot gi*hi £7'4t or
corigonent IRGAHCYRA'S eAPC.a Péadyurade peenixaofonshase téegponents nmay be

added t o 4he.: 51 MR08/:38268¢ ermployed herein.
PCT/ US98/ 0 9

Other photoinitiatcrs useful herein include alkyl
pyruvates, such as methyl, ethyl, propyl, and butyl

pyruvates, and aryl pyruvates, such as pnenyl, benzyl, and

[\
Q

appropriately substituted derivatives thereof.
Photoinitiators particularly well-suited for use
herein include ultraviolet photoinitiators, such as
2,2-dimethoxy-2-phenyl acstopherone (e.g., "IRGACURE" 6&51),
and 2-hydroxy-2-methyl-l-phenyi-1-propane {=.g., "DAROCUR"

NI
(92}
-1
<
[¥3]
e

, bis(2,4,6-trimethyl benzoyl) phenyl phosphine oxide
{e.g., "IRGACURE" 813), and the ultravioclet/visible
photoinitiator combination of
kis (2,6-dimethoxybenzoyl-2,4-,4-trimethylpentyl) phosphine
oxide and 2-hydroxy-Z-methyl-i-phenyl-propan-l-one (e.q.,
30 "IRGACURE" 1700), as well as the visible photoinitiator

bis(n5-2:4—cyclopentadien—l—yl)~bis[2,6—dif1uoro-3—
(1H-pyrrol-1-yl)phenylltitanium (e.g., "IRGACURE" 784DC).
With respect to formulating photocurable
compositions, generally the components may be introduced to
35 one another in any convenient order. Alternatively, it may
be desirable to prepare a premix of the metallocene
component and the photoinitiator component. In this way, a

ready made premix of those components may be added to the



cyanoacryl ate conpoent of the formulation to allow for a quicfk and easy
one part ¥eargmsgtdgoon of a photourabl e conposition prior tRET/GR98EI8I ng
and curing thereof. For packagi ng and di spensi ng purposes,it my be 5 -
desirabl e for photocurable conpositions in accordance with the present
invention to be relatievely fliud andiflowable. Variations in the viscosity
thereof may also be desirable in certain applications and may be readily
achi eved through. ,rout ng_oghgggeos_: in formulatian, the_precise chances being
10 left*t0 thosé persons of crdinary skit1®in the &rt. For i hstance,

crdi nari lgeigyarsdc epbat eneontat nf wyrconpiosi tdforss Micdeckiremian added

thi ckenercRf:$6881 Ly :ARALET ef 588 8: 1.0W M $Casi ity hoerdbations (such as in
the ranae of 1 to 3 cps). Wiile a conposition with such a 15  viscosity
(or one whose vi sc687t Y2A58TbBBNERDAT 58T T d D UPEESaboht “FHve®t i mes t hat
vi scési t YWesimg e dppropritateriiole acovpks g @pplircatticomdnherewacsmal | gap
exi sts betyeen. substrates.to,be bound {£: g.o1.} ess,thangabout, 0l mls)

and/ or an“é“p%l&i%a’?i Qﬁ'v\hg‘eré_enﬁaﬁged"_cﬁre ,sep‘e‘ecf iq_‘staZO :I_des‘};\r_abrex such a
vi scosi t YarP e od ™ oREf BESEDRVENI ERtTeRle T4 GertaiP§ FREuSEFHEI +

appli cat iitairAbrheasttferhst bh8 ®£aSHOH, ~dde: Mt $eeSiek ok hrouch

cyanoacryl ate-containing,copposijions has at_tines been desirably nodified
t hr ough, “for “instance, -t h8 agdi tron-of’ pol ymet hyl et hacrylat 65 and/ or 25
fuméd si lliafdas.to Saese. gererss Phtentinipsy IKBHF3,4pXELikke) and Re. 32, 889
(Litke), the discl ggur essebneachcofi: Mbi-£hy, aff harehy expresskynk Agor por at ed

herein by reference. A _mediumviscosity fornulation (such as in the range

of 100 t SBBPCPpP Fay *66 noPE APpFOPrT at’e P ST Cragplteitidns where
great er comifplexoferkl dwebiviEtysisy désimabd wisue hi sagsthasdiing ct:eget her nol ded

pol yrmeri ¢ pafd 8¢ Andoashigh)vi sgesilys fosmiatdon (s4eh=asni 8 the range of
600 to 1000 cps) y be nbre appropriate in applications involving porous
subsPr at 65 SARPGY SMBsCPGt HSOREL F-PEPEETY 3325 RfIs "PSGEReEs ~Gr 88t BP t han
about 0. Sandmjut GEveoutises thasevoiceosdiparyaskid lagprcplezaet Zshorl d nmake

appr opr i af.&.,deel Skons cLegardi,ng-ehgt DL, 2 yiSeaaldoL mdiLlgr should be
i ncl uded 1n the phétocurable N

substrates tc be bound (e.g., less than about 0.1 mils)
and/or an application where enhanced cure speed is

20 desirable, such a viscosity may be too low fcr convenient
use in certain industrial applications. At least Zcr this
reason, the viscosity of cyanoacrylate-containing
compositions has at times been desirably modified through,
for instance, the addition of polymethyimethacrylates and/or

25 fumed silicas. See e.g., U.S. Patent Nos. 4,533,422 (Litke)
and Re. 32,889 (Litke), the disclosures of each of which are
hereby expressly incorporated herein by reference.

' A medium viscosity formulation (such as in the

range of 100 to 300 cps) may be more apprcpriate in

30 applications where greater control of flowability is
desirable such as bonding together molded polymeric parts.
And a high viscosity formulation (such as in the range of
600 to 1000 cps) may be more appropriate in applications
involving porous substrates and/or substrates with larger

35 gaps (such as greater than about 0.5 mils).

Of course, those of ordinary skill in the art

should make appropriate decisions regarding whether a

viscosity modifier should be included in the photocurable



WD 98/ 38260 PCT/ U898/ 03819 -1
conposi ti OB osA |f So which one(S) and at what |evel sho 38R

i ncl uded Y0 Cachieve the desired viscosi ty for the intended app I cation
addition, it may be desirable to toughen the 5 cured phot ocurabl e
conposition of the present invention through the addition of elastoner
rubbers such as is taught by and cl dgitfed in .U S. Patent No 4,440.9

(O Connor),

the disclosure of which i S hereby expressly incorporated

herein byorgfzeiehce‘ and ti ﬁre&y: &i}sla‘"be“ﬁesi) r ablier 10what ot dgdr orewtlde hot

docunent s"ERREGS tﬁ%re“?t-he di scl osures of each of which are

expressly in

conpgsi t i.ans 40
paste t hrough

e Lsel

4 450 265 (Harrls) and t he
her eby
cor por at edader vi-n by meferenéesitbz_z to toughen Mire- over,

Lrothe,plesent Jnvention ney_be repdered: jnta . a thi xot r o
hddr ?I on %? owder ed orga%c ?I I Fe?s 'haV| ngéuz;: pglrtl cle si

of about *-FOHE"2D0e n‘l"é?b?@*as--i $egfgRE By UuStepat 8ath N8 16 105, 715
(4 eave) zanuchkbi skened bya,a*mp@ W @zckerpakyner 42, cigesin to i nprove

peel strengh gg,gs taug S. Ratent . No. 4, 10@_9;1\5 _(d eave), the
di scl osur'es “6f"8ach o chﬁ a‘re‘ehér'ehy*l rfcorpdrat' d he‘FeT‘h“‘By referenc
Furt her, —t’h@@@ﬁ@e@ﬂtmmmhl he feresent. | Aventbonisayobalgssndéried nore

2_
s In

ic
10

t he

pic
ze

e.

resrgtanbot Ontherpalndegradationat 25- h;ELQV-@EEd Lepgperat.w e conditions by

the inclusio
sul fi nat &§™F
(At t ar walza),

herein by_reference; Jheinclusi qn 3¢ . 9f.sugh genpownds: i)

phot ocur abl e
conposi t Fofis

n of .certain §u|fur “cont ai_ ni .ng c ounds such as sulfonate
SGFFaPRs BNPTHTFTF eé’-a?rgé(t*rf-oﬁfh FRCU. & FatregndMo 55, 328,
cthemddschogus e et clz.i & herebysexpresstsy dmncarypor at ed
tJle

conposi fions of T he ] present i nvention renders "those
“HEBRPY SEFPERE T Of HPRTRCAEERS SRR ewWRi EN SFESEREE t enper at ur e

S,
944

condgti ons may be ﬂdﬁedwerpeche Simrfpo&ﬁ_“\ddf"&"h pat thégoﬁ@eﬁmounds partl cularly

may

sulf

sulfates and sulfites as set
5,328,944

expressly incorporated herein by reference.

30

elevated temperature

I 4+ A e~
LINCO a LLRAXCTXYO

ocpic past
ered organic fillers havin
microns as is taught by U.
)

improve peel strength as is
4,202,945

or thickened by

a

(Gleave),

tne compositions cf the present inventicn

be rendered more resistant tc thermal degradation at

conditions by the inclusion of certain
ur-containing compounds, sulfinates,

No.

such as sulfonates,
in U.S.

disclosure of which 3

forth FPatent

the

1}

=

(Attarwala), hereby

The inclusicn

cf such compounds in the photocurable compositions of the

present invention renders those compositions well-suited for
f

appl

experienrced,

where large cuxr

surfaces

ications in which elevated temperature conditions may be
such as with potting compounds particularly
e through volume is present and non-tacky

are desirably formed in less than about five

seconds.

The inclusion of such materials to a photocurable

composition in accordance with the present invention may



where | arge cure through volune is present and non-tacky 35 surfaces are
desi r abl ywbognaesei n | ess than about five seconds. The incl @€iraseg63832ch
nmaterials to a photocurable conmposition in accordance with the present =’

i nvention may WO 98/ 38260

PCT/ US98/ 03819 -13- provide a fornul-aii-on having particul ar advantages for
certain aplications, and at least in the case of viscosity nodifiers should
be appeaLLng;tronygwggtegxﬁpegggggLi!evgsﬂthgvpggéjgulig ds_decreased of
spl ashi ng~ ot “Spf 11979 e *SonpositFoR “on&Xposed” “B1GH of* The user or

byst andersrtadi i Sirices.t ked par Esacd ba boadedsaivh wiweosifvent i ve
conposi tioRs:zates dhxed: Yy Spesure WWokadi akkon, thergd:sless of a
chance for the_assenbler. to fouch or . contact an uncured fillet 10

The rel atFve”afbumt-ofY tie SF&560E combreAfE-of theSphototrdls e

conposi t onscartiot ngn tostdussi ignientifonkkesuasmtireryofacdmice |Zeft to those
persons ofskill ig:the ard. depend ng ab,coyrge-pn the; ddentity of the
particul ar _conponent's chosen for a sSpecific conposition. As a genera

gui de, hBRETRF: 1P Sifesi AN &3 *PREFtGe “PniVhé2phdt otfur abts Scorfposi ti ons
a net al | peeses = sacthascd 79:0CLRE assR@) c@mgntowthhbh tdendangerof about

0. 005% t Q_about 4% pr,. greater (desirably within the range of about 0.01%to
about 1.5Y%) by weight of the total conposition. It is also 20 desirable
for:3 he conpositi ond1% o5 ¥ic] e s PEGt Gitni-hiatsi £ 88 chOBRCEIRGACURE" 1700
or 819, ere"PARCEHR e Fionidban iamuil-cek-khhg the-kange-ainabout; 0. 125% to
about 10% by _weight of the .conposition, with about 2%1!0 abaut 4% or
greater By ferght brSiHE T ot~ SSnpeSSEi 86 B8 Rg de¥tabl e 2¥  The

bal ance sftt heécpemposd téDrdsrsonposéd pLedonimant | yrofrarcyancacryl at e

conponentgnsushras etdwd 2= cyanqacryl-ate cofhosouise, the amnunt, of all the
conponents.together in the conpositi?p totals_ 1Q00% _ B
.5 guicde; howeveyr, 1L is Cecirzk 2 to incluge in thre

phctocurable compesitions a metallcocene, such as Zerrocene,
in an amount within the range of about £.005% to about 4% or

greater (desirably within the range of akout 0.C1% to about

'_.l

.5%) by weight of the total composition. t is also

20 desirakble for the compositions to include a2 photoinitiater,
such as "IRGACURE" 1700 ox 819, or "DAROCUR" 1173, in an
amount within the range of about 0.125% to zbout 10% by
weignt of the compecsiticn, with about 2% tc about 4% or

greater by weight of the total composition being desirable.

[\®)
wm

The balance oi the compcsition is composed predominantly of
a cyanoacrylate component, such ag ethyl-2-cyanocacrylate.
Of course, the amount of all the components together in the
composition totals 100%.
A method of curing a photocurable composition in
30 accordance with this invention is also provided herein, the
steps of which include (&) providing onto z desired
substrate an amoun:t of a photocurable compcsition; and (b)
subjecting the composition to radiation sufficient to effect
cure thereof.
35 The amount of photocurable composition provided
should be sufficient tc cure and form an adequate bond to
the substrate surfaces between which it is applied. For

instance, application of the photocurable composition may be



A nmet hod of curi ng a photocurabl e conposition in 30 accordance with this
i nvention | I provided herein, the steps of which inclgide ovi di ng
onto a d&¥ ?%%2 Ubstrate an amount of a phot ocur abl e composi't |%§%38§$1d -(b)
subj ecting the conposition to radiation sufficient to effect cure thereof.
35 The amount of photocurabl e conmposition provided shoul d be
sufficient to cure and form an adeq'uja‘fé bond to the substrate surfaces
between which it is applied. For instance, application of the phot ocur abl e
conposi t3@ravRt by cispend8nl88289 composition in drcn-wise fasaicn,

PCT/ US98/,03819 114z sachi-geved Dy di spensing the .conposhki eR:i DigdLop-w se
fashion, or_as a |iquid stream brush applied 5| ppi ng, .and the ke to
form a hiTPFt IFmERRpppETct | dnebi <3 hEP bt oclr abFe “EBRPBSFt i on may depend
on the fdowabildty: ek vospesitynothé helcamdsiti ar. vIecbhatvenfl, viscosity
nodi_fiers, gs, pnofed. @bove -y be_i acl udseﬁog n.p he -conposi tLon olD.Uuse, such
conposi t1 ons are desi f'abl y °readr | y d| spense onto a portion of a deS| red
sur f ace BIOVE siFt it éT6AEESRhiBht RS ¢@niRs Pdiffed a portion of anot her
substrate. 10 The, phet ogUrabtensesPoshid cgyara%sb_e;@ppl kedgtioycertain
portions,or the substrate surface or over the entire surface or_the

subst r at® o“‘b“e'dzondé’d HapandF ngt oh TRt (S TaPAF Sppfi earfon"The scurce
of radi atnton WrHAY iisg el bet PonaeRet i pcales 35 sgeltéetedubsonrutt ravi ol et
light, vsibleddGhtpiel ecthon: DM mXs NAY Ssepiiifs anederadiat i on and

combi nations, tnereof. Desitably, ultraviol et 1 ght is the radiation of

choi ce, W*Hr%fbgproopm &t §2SBOFREE FRETROR fyf "PeT The, engire RUTIERRE gnd " A"

| anps, ner cury sarhesdxanps rcand kendgad arde@Xhdidanps cheuphrascthase

comer cially; awaidable fromLoctite Corporation, Rocky Hill, Connecticut,
Fusi on W Curing §ystems Buffalo Gove, I|linois or Spectrol i ne,

V\ést bury, New Yor k)% mhérﬁmﬁvevﬁ%h%fh‘f"éoe YRS SRECtFSBRIRFBAT sol ar

waves 1s \cle ted from ultraviolet light, visible licghg,

l;‘l

electron beam, x~-rays, infrared radiaticn and combinaticns
theresof. Desirably, ultraviolet light is the radiation of
choice, with appropriate sources ianczluding “"E", "D", ©»v",
"X, "M" and A" lamps, mercury arc lamps, and xenon arc

20 lamps (such as those commercially available from Loctite
Corporation, Rocky Hill, Connecticut, Fusicon UV Curing
Systems, BuiIfaic CGrove, Illinois or Spectroline, Westbury,
New Ycrk); microwave-generated ultraviclet radiation; sclar
power and fluorescent light sources. Any of these

25 electrcmagnetic radiation sources may use in conjunction
therewith reflectors and/or filters, so as te focus the
emitted radiation onto a specific portion of a substrate
ontc which has been dispensed a photocurable composition
and/or within a particular region of the electromagnetic

30 spectrum. Similarly, the electromagnetic radiation may be
generat?d directly in a steady fashion or in an intermittent
fashion so as to minimize the degree of heat build-up.
Although the electromagnetic radiation employed to cure the
photocurable compositions into desired reaction products is

35 often referred to herein as being in the ultraviolet region,
that is not to say that other radiation within the
electromagnetic spectrum may not also be suitable. For

instance, in certain situations, radiation in the wvisible



power and fluorescent |ight sources. Any of these 25 el ectromagnetic
radi ati on vgougs®ss may use in conjunction therew th refl ect oPST/HAW BB
filters, so as to focus the enitted radiation onto a specific portion of a
substrate onto which has been di spensed a photocurabl e conposition and/or
within a particular region of the el ecsromagnetic 30 spectrum

Simlarly, the electromagnetic radi ation may be generated directly in a
steady fashion or- iR an intermttept fashion sq as t Lni mze the degree
of heat b'u';ngTl up.” rﬁt"h%&gjﬁ“f%g”hél’éﬁ%Foggﬁ%e%Ti “r‘%f"d,i“é‘%og](}fr%errpl‘oyed to cure
t he phot oR&ifEb] WeEHFIOS LIPERT PNt BAHESFF edl PRRACRT o PIOPIECES S 35  often
referred ¢ochermin asckeicdg tacihRe:ght avied el feghaled Ralilbs.nobit o say
that other_ radiation wthin the electronngnetic spectrym may not also be
sui t abl e. “Bor° T nstance 2 n 2Eer tar A s uatt ohs ' dditati 67 i the visible
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enpl oyed, whether al one or in conbi.nation with, for instance, radiation in
the ul traVi B et FRfGRS *6FTE60r 889 nitFolaVe SFRPTTHY Yadi ati on may

al so be Syreathvaniadessslky céspboyed vhdereapprops i @i erzgordiitchons H gher or
| ower 1 acialianJquensi ey, Lareaken 05 Lever.sxposuias ddereto and | ength
of exposuré and/or greater "or |esser distances of the source _of radiation
to tie cofpRRttich SrayFHe Seefili F66 PO EORPIRT eCEWIHPSIGL dEPEREINg of
cour se onciéheogadidrcul ar conponents of a chosen conposition. Mre
secifically with regspect _to.radiation.intensity. the ¢ | anp shoul d
have a power rati ngl'sdtoﬁ" astpe%a‘s‘t“a“ﬁt%gt Q’Ilﬁg V\/égfégbe?gi*nac%%(%gb%gut 40 watts per
cm, % alposwsitatithy ohosen dagp gboutd3Davens tsoywryr datdmy alfodt 120
watts per:gmc beidg payd ivelthar kg -deskhabhgout AL §0waSiNGR A hey)i nGliusi on of a

photoinitiator in the conposition ma}; shift the wavel eﬁ.q:t i}] V\ti tbhi n the
eIecf?ona@h%?Y%?r%ﬁﬁ%ﬁq at least about 300 watts per I1nc cut
120 watis per cm) being particularly desirable. \1sc, since

the inclusion of a photoinitiator in the composition may
shift the wavelength within the elactromagnetic radiation
spectrum at which cure occcurs, it wmay be desirable to use a

20 source of electromagnetic radiation whose wvariables (e.g.,

wavelength, distance, and the liks) are readily adjustable.

During the curing process, the composition will be
exposed to a source of electromagnetic radiation that emits
an amount of energy, measured in KJ/m?, determined by
parameters including: the size, type and geometry of the
source; the duration of the exposure to electromagnetic
radiation; the intensity of the radiation {(and that portion
of radiation emitted within the region appropriate to effect
curing); the absorbency of electromagnetic radiation by any
30 intervening materials, such as substrates; and the distance
the composition lies from the source of radiation. Those
personsrof skill in the art should readily appreciate that
curing of the composition may be optimized by choosing
appropriate values for these parameters in view of the
particular components of the composition.

To effect cure, the source of electromagnetic
radiation may remain stationary while the composition passes

through its path. Alternatively, a substrate coated with



spectrum at which cure occurs, it nmay be desirable to use a 20 source of
el ect r omgegdds6qsg @di ation whose variables (e g., wavel engtpyashogbnee, and
t-he like) are readily adjustable. During the curing process, the -
conposition will be exposed to a source of el ectromagnetic radiation that
emts an anount of energy, neasured isn_ KJ/nmerr], determ ned by 25
paraneters including: the size, type1 and geonetry of the source; the
duration of the exposure to el ectromagnetic radiation;, the intensity of the
radi ati 67 Bh@TERAT=DOR t FOPT: Tiddl AEiVoN 2BRILEL 683w FRRTY t'HE ¥ ditn
approprisat.e ckocef teet-evhi N1 d hecabsarbeneyset elheedsommgnetic radiation

by any 30__ Lntervening meterials, such.as substrates; and the distance the
conposi tion T 85 Fr oth THEE SoUT ce Sof-Fadi-at 6= “Thosa" per sons of o skill in

the art “shogkdtieadikyliappr eciatle tehateroariinglof bhe: composidiessemay be

opt km zed by neheasi ng-appr opri.ate Malues fon these paramelers 44y vi ew of
the 35 _ particul ar conponents of the conposition. To effeect cure, the
source OF%&l eCfr BRAGREET A WEBH &Y FEMEFR°EEAt Fonary while the

conposi kilentpassesat heonghi i SorpatdffiAlteernati e€bys-acsthstrate coated with
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t he phot ocurabl e conposition nay renmain statLl‘onary whi |'e The source of

el et ronmagfeti'c 72PadFE af £ o eSS Afer EsvertorhEReRgar ¥t 10 conpl ete the
tr aosf orwetbeatibam rospestiion dadRacichen , predust uv Stidinal ternatively,
oLl Tk LERSR gD 208, 200 Ner O Lot URLAIRL et remptat lonary,
radi at i drlsaPiisei enpnpvlef Féctuniyre . SyGsmmer Eirakl yaabai ¥ abligewani.ng syst ens,
such as nsheeréBTA, Z2000r 0Fnd 4003l trawd qlsel -eUEE NG Chauber (Lootite 10
(Fusi on 09 it g B sterls BATHD & (v oFl FrAorE) C=Tmov® U Ouri ng
Syébem (Meamew. aM@gspchublewas k, dNew vIerisey) teBl dckLight oMledesB- 100
(Spectr QlelsRes WESHBULYx . 2leo, a Suniighter UV chamber Zitted with
low intensity mercury vapor lamps and a turntable may be
emploved hersin.
The reguired amount of energy may be delivered by
20 exposing the composition to & less poweriul source of
electrcmagnetic radiation for a lcnger period of time,
through for example multiple passes, or alternativel
exposing the compositicn to & mors poweriul source o
electromagnetic radiation for a shorrter period cf time. 1In
25 addition, each of thcse muitiple passes may occur with a
source at different enerxgy intensicies. In any event, thocse
persons of skill in the art should choose an appropriate
source of electromagnetic radiation depending on the
particular composition, and positicn that source at a
30 suitable distance therefrom which, together with the length
of exposure, optimizes transformation. Alsc, it may be
desirabie to use a source of electromagnetic radiation that
is delivered in an irntermittent fashion, such zs by pulsing
or strobing, so as tc ensure a thorough and complete cure
35 without causing excessive heat build-up.
In use, a photocurable composition in accordance
with the present invention may be dispensed, such as in the

form of a thin film or droplet, onto a desired substrate.



New York) and RC500 A Pulsed UV Curing System (Xenor Corp., 15 Wobur n,
Massachuse®@98/386 wel | -suited for the puroses described hepetr/ososidzse , a
Sunl i ghter WV chanber fitted wth lowintensity nercury vapor |anps and-a
turntabl e nmay be enpl oyed herein. The required anount of energy may be
delivered by 20 exposi ng the conposiiton to a | ess powerful source of

el ectrcmagnetic radiation for a |longer period of tinme, through for exanple
mul i tipl ecpassesc=ar-atk vely, by exposing the conposition to a nore
power ful source of ge 2Ct regl?rgglﬁetl c ?% a‘t‘f}on 0 PA7ERore8r Perrdd of tine.
In 25  addftron, ~84Ehtof 2 oS emaanlplss passés maypseccirom ahvassour ce at
di fferent sedergyonntendifi@ssenc IHe W LueNt - LihQse. persons. pf.skill in the
art shoul ¢;chogse.an.gpp pprlate SQurce of el ect rorragnetl c radration
dependi ng_on 't he ar 1 cUr'ar conposititom® &F¢ posi froncEhat 28ottte at a 30
sui t abl e dFSt aRGe"thetef r c2RSMEYTE together with the length of exposure,
optim zes transfornpés oo SOo:ide MY DE %Q%'hr able. to-use a source of

el ect romagneilch gadl ation that. is delivered in an intérmtt: en’f % ashi on,
such as by pursi Ry OF St TOhiHY, Y B¢ LSt 0 SEREGRECATE hBF ouBhE ndel Tored et e
cure 35 (@eEhourclzeisieny BxXcess Ve thaatribyil dcepactsd, Us$;+ Qmpkgg ocur abl e
corrpoahgawmtasgoxdaég:e zygﬁhg hﬁoprqe&ent i.nvention_may_ b ensed such

in the formof a thin filmor droplet, ontd a desFrad sik WO
98/38?60 therecI with which may be tiendsd or COmL cur£{§7if§&ﬂixﬁ§bl 17-
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may be aplpﬂ,,tgdﬂgr’ayﬁ e_n Jrom.a vast sel ection oT different materials;
basi cal | y, mat e‘??oa WI Whi Eh‘“CyaﬁéacFyFaFes ney® Hes Ysedy $Sui tabl e

as wel | f%r USE Het &t nSmSSee‘ws?upr a»zpedierabE ecohpt Ceseasong cuchedmat eri al s
i ncl ude ace yémtsoyepaxd es.bgpelyelethasugpcl ycarbonates, polysul fones (e.g,
pcl yef her_ sul f@r&e‘)%ljpolg(mr}lyl acecat es, poI yam des,

€-8lyreéne, styrene-acrylonitrile
cellulose, aromatic copclyesters based on terephthallic
acid, p,p-dihydroxybiphenyl and p-hydroxy kenzoic acid,

polyalkylene (such as pclybutylene or polyethylene)

terephthalate, polymethyX pentene, polyphenylene oxide or

sulfide, polystyrene, polyurethane, polyvinylchloride, and

the like. Particularly, dssirakle co-pclymers include those

which are capablie of transmitting UV and/or visikle

radiation. Of course, other materials may also be emploved
+

rates, such as metals, like stainless steel.
25

- =

The composition-coated substrate may be positioned
within an electromacretic radiaticn curing apparatus, such
as the "ZETA" 7200 ultraviolet curing chamber, equlpped with
an appropriate souxce cf electroma gnetic radiation, such as
ultraviolet radiaticn, at an appropriate distance therefrom,
30 such as within the range of about 1 to 2 inches, with about
3 inche§ being desirable. A4s noted above, the
composition-coated substrate may remain in position or may
be passed thereunder at an appropriate rate, such as within
the range of about 1 to about 60 seconds per foot, with
about 5 seconds per foot. Such passage may occur one or
more times, or as needed to effect cure of the composition
on the substrate. The length of exposure may be in the

range of a2 few seconds or less (for one time exposure) to



pol yet heri m des, pol yi m des and derivatives and co-polyners 10 thereof

W th whi chhgmushg bl ended or conpounded traditionl additivpgrigssd@sti ng
processibility or nodifying the physical proaperties and characteristics of
the material to be used as a substrate. Exanples of co-polynmers which may
be enpl oyed as substrates include 5 _;@cr-ylonirile-butadiene-styrene,
styrene-acrylonitrile cellulose, aromati c copol yesters based on

terephthal Iic acid, p,p,-dihydroxybiphenyl and p-hydroxy benzoic acid,

pol yal kyl%n& (SuéR<as pofybutiiene o= pol Yethy &ne) “t 87 epht ISk &

pol ynmet hyd méntigie, cpebyphetylene 0Xide:s0rfeP0 cepsnbingdeern potky siysane,

Pol yur et enPelyyibnylebl oride, and the Jike. .. Pacticularly, desirable
co- pol ynetlfjg Tnﬁcl'ﬁg\ t}l%léfs'Jg:ll\/\%JJ g—ﬁe are capabl e o O“r”éﬁsmgt f%’lg W and/ or

Vi si bl e readiPACIEeRS COf “eBUFIERC Bt et Mt lN$Smay al so be enpl oyed as
substrates, such as. metatsonlbkessial M essStgelecu2Be proviced ny The
conposi tion-coated _substrate nmay be positioned within an.el ectromagnetic
radi ati on‘curing apparat ts;® stith™as* T'he “ETAE27500” uPT FAVT ol 2 curi ng
chanber, fegquisgpédoni rhohn~appr opreécatEeSourees 6ff tekeekromagnet tersci at i on,
such as uld ravehehcadiati p0:: &l; &40 APPIORrdARt @ diestapgce-thergirom 30
such as within the range of about 1 to 2 inches, wth about, 3 inches being
desi r abl & AS H5t°Ed ~above, *the” Tonpost tH o Fat€d ~SubsPrate~%ay remain in
posiibi on =013 maiperpasseddt hes ewmdey at-rautappsepridt Ecrateicsush as within
the range-of abQui,,1.to.ahgut 60 seeonds per foot, with 35 about 5

seconds per foot. Such passage rmay occur one or nore tinmes, or as needed
to effect cure of fHE EBAPBHITE | BFCHH T He® sUBstaFec TRELIEengt h of exposure

V098/ 3826Q - i o .
of seconds 6r 10ngér 1o
expésur e)rygserdesiveatig
and of cahfge HPReRB2 substra:

exposure to electrcmaegnetic radiation on z:t least cne
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tocurable ceompesition in AcgCrisan ~.W}g

her~a one” tI“me exposdie oF a nul'tiple pass

¢ ngy sulbhierdeptancotmathescbhpbstebonraee be cured
te tc form an assemnly. Therxeafter,

substratzs of the assembly for zn appropriate period of time

should transform the photocurable composition into an

20 adhesive reaction producc.
It is also within the scope of thes present
invention for reaction products to be prepared from a

photocurzable composition separately from the device, and
thereafter pcsitioned on a substrate surface with which it
25 is tc be used. In this manner, such reaction products may
desirably be fabricated, for instance, inteo a film or tape,
such as an adhesive film or a coating fiim, which when
applied to a chosen substrate will bond theretoc. Many known
film manufacturing processes may be employed to manufacture
30 into films photocurable compositions in accordance with the
present invention, including calendaring, casting, rolling,
dispensing, coating, extrusion and thermoforming. For a
ncn-exhaustive description of such processes, see Modern

Piastics Encyclopedia 1988, 203-300, McGraw-Hill Inc., New

35 York (1988). With respect to dispensing or coating,
conventional technigues, such as curtain coating, spray
coating, dip coating, spin coating, roller coating, brush
coating or transfer coating, may be used.



conponents of the conpositon thenselves. A reaction product is also of
course pr@wicdashsby the teachig of this invention. The rea®Craisopostuct is
formed from phot ocurabl e conpositions after exposure thereof to =

el etromagnetic radiation sufficient to effect cure of the conposition. The
reaction product is forned rapidly, x@. and ordinarily and desirably

w t hout observed formation of bloom ng or crazing, see infra. The reaction
product of the phojourabl e. canpasition _may be prepared by dispensing in | ow
viscosity or liquid torth<a protocUrabi&~composrt Ton=F n" accor dance with
resent i Breptirof byt oxbrsuiet reit esdrddeatingg vhatesabst race nd tth’ a second
substr at L8 sheem ane asserbl Aone chheneaf: el cnexpesurect o el ectromagnetic
radiation on at |east ope suhstrate of __E he asSenhly for an appropriate

peri od of *PFRAEPSHBUFAT+AaNnST or m¥Fhe ph GPABTE*EofposTtion into an 20
adhesi ve snéactientprodiuctovd | dS el sewitth nitbhecscope efttlg=present

| nvent i on.forsteact Lon, praduie! s L0 A9 prepaced heamsaspholaeurabl e

conposi tion separately fromthe device, and théreaffer positioned on a
subst r at &2§aFFacE=RFEREWAF chp3d Epstiyuetpempeiused. AeYRCE MPRY mfhner, such
reacti oncpreddees.may desirably be fabricated, for instance, into a filmor
tape, such as an adhesjve filmor.a.coating film which when applied to a
chosen substrate witT bond ther eto. ‘Marlry oW i Fm MBRUT act ur | Ng processes
mayibe emgl opadreolfanof aeedF el 8D to jqnto vfidens shoteparadbel tanpusi tions in
accordange wkthttbe present iiventd Qy, dopelipdi:ng-cakeadasi ngs £asiit ng,
roll'ing, _dispensi r)g ”cggtjﬁg%, extrusion and ther.noforn ng. For a

non- exhalSi V& SGRECHY ptioh=of JUCH DGy Es, “SedSNba8r n Pl asti cs

Encycl opedirg=1888;72208- 30D, t M GenpddldidmccseNéw 85 (2¥ortke(1988). Wth
respect 1Q.-di-Speasi BY QF.i CRALE DG o GAUWENI PRAl, techhLgUgSy,Such as curtain
coating, spray coating, dip coating, spin coating, “roller coating, brush
coatfng GFSEFansf EPecg‘éYiLﬁﬁj; e Feigpe . the tem tne

erature o=
compossition or the substrate(s) or comkina

o gT

ions thereof may
be decreased to increase the viscosity of the composition.
In this way, the uniformity on the substrate of the
dispensed photocurable composition may be enhanced using

20 lamination technigues, centrifuge technigues, pressure
applied from the atmesphere (such as with vacuum bagging),
pressure applied from a weichted object, rollers and the
like.

The substrates onto which the photocurable

[\
Ut

compositions of the present invention are intended to be
dispensed may be constructed from the litany of materials
recited supra, which may be substantially inflexible as well
as flexible. The type of substrate chosen with respect to
flexibility will of course depend on the application for
30 which it is to be used. More specifically, the substrates
may be constructed from substantially inflexible materials,
such as 'glass, laminated glass, tempered glass, optical
plastics, such as polycarbonateg, acrylics and polystyrenes,
and other alternatives as noted supra; and flexible
35 materials, such as "MYLAR" film or polyolefin, such as
polyethylene or poclypropylene, tubing.
The choice of substrate material may influence the

choice of processing technique used to prepare the
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Afilmof th B tcurabl e conposition nmay be prepared by exttusisRBs@r
cal endari‘ha,ggﬂﬁz ﬁe cure occurs by exposure to el ectromagng%l c radiation
prior to, contenpoaneously wth, or, if the conposition is 5
sufficiently viscous after passing ghr ough the extruder or cal endar.
Thereafter, the filmmay be placed b&fmeen the desired substrates, and
construction of the device nmay be conpleted. The viscosity of the
phot ocureiixtsooorgdos ooposayLif intbetitontrded gieuiodi freduto ootim ze its
di spensapilidyde,- iq1.addi tignfohncl Hsion of,a gpRLopLkgte; maLerial to
alter the viscosity thereof as noted above, adjusting the terrpg_[éture of
(1) the TOMHOSIT o Tt $&€l £F226F P2F +hesStdtTates 0% Wi ER™FR&-EofPosi ti on
may be phagetk tavEn-acassenbl exthesdevd cen odDrptdnpl eZ the tenperature of
the conposi tion, ot substrale(s) or. conbinations theregf, may be
decreased to Increase the Vi ScosTTy of the conposition. in this way, the
uni f or m BSX OFPT HTHESt Baberbi orhel drRplelise o WotedE - abhe c6oRposi ti on may
be enhanggbisidie 20 Hearipat Lopct eghnbgteson centdysf ygextechni ques,
pressure_applied fromthe.atoosphere (such as with vacuum bagging),
or essur e>#ppti B f r SmFE e ghFed=BBTReT, O1 of T8t SafFrh& s +RE. *Fhe
subst r at sl yomtal whitcip tige Zphecoedr abl em23 ca mposidscdrs:  obnthengr esent
I nwenti anL Af &4 niended o ba:dispensed amy he-constructed tremibe litany
of materjals recited supra, which nmay be substantially inflexible as well
as flexibrer BHEAFHe of substrate chosen with respect to flexibility will
of course depend am tai@iapphi catidncéorcBD syaticch rdy ke tecbeyvdsed. Mre
speci fically, the substrates uey be.copstided ed fy amisubstantiably
i nflexi bl e material’s,” such as glass, Tam nated glass, tenpered grass,
optical PrESFESSIHES psol yearboratessrReT Y14 ¢ an¢ FoFySEyrenes, and
ot ey al 4-6d netduc avwRgiednsuphat-andihl exdpd@Baparmaterials, such as
MYLAR" [ o5, f0lyol &fin,;3ugh as, pol yethylene .r holyvRrerylene,, tubing.
be dispensed or injected onto one of the Ilexible substrztes
at a point where the ftwo flexible substrates are released
from their respective rolls and brought toward cne another,
20 while being contempcraneously expcosed to electromagnetic
radiatior for a time sufficient fo cure the compositicn into
an adhesive reacticn product.
The dispensing of the compositicn may be efiected

the rolls

th

through an injection nozzle positioned over on

(]

o

25 of flexible substrate. By passing in the path of the nozzle
as a continuously moving ribbon, a flexikle substrate may be
contacted with the composition in an apprcpriate amoun: and
positioned on the flexible substrate.

Since the photocurable compositions of the present

30 invention cure to form reaction products through, as their
descript}on connotes, a photo-initiated mechanism, the
compesition and the surface of the substrate on which the
composition is placed should be exposed to the source of
electromagnetic radiation. The choice of substrate may

35 affect the rate and degree at which cure occurs of the
photocurable compositions of the present invention. For
instance, it is desirable for the substrates to be bonded

together to be substantially free of electromagnetic



The choice of substrate material may influence the choice of processing

t echni quewseshsbép prepare the WO 98/ 38260 PCT/US98/03819
PCT/ US98/ 03819 -20- photocurabl e conposition into the cured reaction =
product or the tyne of device assenbl ed. For exanpl e, when assenbling a

device fromat |east one flexible subgtrate, a conposition nmay he
advant ageously applied to an end portion of the 5 fl exi bl e substrate and
allowed to w ck, al ong that end portion_t hroyﬁ__hh a, ,por,_t‘jcor]wqfﬁtarlot her
subst r at € 2wt et i mensiFotéd *to-r&cEfve that ehd Por 5765 the flexible
subst r at ececvec ard icudcarcexgnple cotasdehian apphscatlion ispegliydkefin
tubi ng i ntendad,cf.0r- Jredjcal;appl Leat Lep-epd 10, . partd-on Qi ch is
di mensi oned for_receiving by an acrylic luer housing. In addition, roll-to
rol | syst®ms® may bE énmplFoyfed ~Rfrer &-F1 BxPBl 85 sthstFdteLardwélfeased from
rolls (that are al imgrnechiand crotateing derecti ons-oppdsirde to one anoth 15
and brought, fomard one another in.a.spacgdsapart Lol atjonship.. LR-this
way, the photocurabl’e conposition may be“drspensed or I nject ed nt 6
the flexibtelsestysites atad poi nbleheiadt hesewd ¢ eXihley apgystianes are
rel eased ffomthelr. respe¢tive roll.s_and brought_ towerd.one another, 20
whi | e being cont enpdraneousl’y exposed to electronagnet’| ¢ rTadi'ation for a
time suf fREFETHTRo fClATe WIFErE6NBosiEr6n Fheorap-adhesiwe dedéti on product.
The 1di spenstig: Ofn tdre LPRReskt-an=may Berettest egdhddd-ough amd piceet i on
nozzl e pogitioned . over one of . the ralls 25  .of flexible substrate. By
passi ng i T the path of the nS77FEVES &°conFThudustS® noviTig ¥ bbon, a
flexibl e sebsts dte My dperresnaccéd saehst heachapositderim an appropri ate
anount anglposddioned QN hhe khexi bkessubstrate. - Si nce-the phatecurabl e
conposi tions of the present, 30 . invention cure to formreacti on products
t hr ough, %%*—‘t%“eT*ro“tFe‘gcroi“ﬁt i*On ~Cofin6E5 375 phot o2 F NF1T3EF medianism t he

15 ci cyanoacryiase monosmer. B

The result of incomplete curing may be observed

with respect to adnesive uses of the phctocurable

-

composition as adhesive or cohesive failure of the cured

composition when applied to or between substrates. Such

20 observations may be minimized or even eliminated by using

nsmit asted to
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absorbing) substrates and placing the scurce cf
electromagnetic radiaticn at a strategic location so as to

improva the degree of

1]

lectromagnetic radiaticrn to which the
25 composition on the substrate is exposed. Similarly,
additional sources of slectromagnetic radiation, or as
stated above reflecfors which redirect onto desired portions
of the substrate stray or errant electromagnetic radiation,
may be employed to further enhance cure.
30 Accordingly, the compositions of this invention
provide a number of benefits and advantages. These include:
a built-in secondary cure system (i.e., photo-initiation in
addition to the crdinary cyancacrylate anionic initiationm),
which is particularly attractive in those appliications where
35 certain of the substrates which may be used in the assembly
do not allow the transmission of light, rendering another
type of adhesive (such as a dual cure acrylic adhesive) less

desirable because a secondary heating step would then be



conposition and the surface of the substrate on which the conposition is

pl aced shoybadshgegXxposed to the source of el ectronmagnetic rgﬁ}&%&s%& The
choi ce of substrate may 35 affect the rate and degree at VEREFe
occurs of the photocurable conmpositions of the present invention. For
instance, it is desirable for the subsirates to be bonded together to be
substantially free of electromagnetic WO 98/ 38260

PCT/ US98/ 03819 -21- _r.adi ati on-absorbing capabilities. That is better degree
of el ext ronggretic ' radPaf-6R £F ahshiPs R eamabitd:t ytehe stbshrate
possessessouinrs G edternstherr at esAng: degiee: of2 e 1af shhe:conaposi tion al |

el se bei ng;equal. of..co «.BlLoom ng_or_ crazing nmay be  observed when
conposi t(r)}%s‘eégﬁe | AtO Eéggt’f Qﬁ“prbﬁug% STAnd 1 fér&¥E°F§EI $2Ps i nconpl et e.
That is, bloom ng refel3€to®f hehevapovratdanrciptcyanodctykabec sononer (due
to i Es relatdnely:, Rikghsvaposepr essr 6 Jfrm.uncur ed ng%g;\ga]the result of
which is formati.on_of .a precipitate on surfaces adj acent ‘16" the bond Iine
whi ch are“al so observed®ad™a whit e haze® teGAZidgNFeréns teerheinfor mation
of stressicrrdcles oracettal nosymthetici emterd akerstieheasppobycarbonat es,
acrylics zand-pekysuyl tepess due. in this .jnstance to the presence thereon 15
of cyanoagﬁr_%lwat_:é mongner. The result %ff’“l'%c‘d“sl é’t‘et‘cﬁrPgﬁsh’ﬁy be observed
wi th respect 16 adhesPYB Tses 't thepHcroas abl exeonpbsied ois agadhesi ve
or €8hesiMeuBgirkaiesoputhescured comDSId ien wheBeapphied.d9 or Letween
substrat sy S4ch:20-: - 0bservations ymay be mnimzed or_even eliminated by
usi ng el ecfronacr itgi C ?ad’i’ at:l?%n 1 rcé%?%’l“tst i"ng ‘kigstﬁﬁh?f%%tlé%rﬁﬁ absor bi ng)
subst r at & “3dn&<pl aci ng the source of el ectromagnetic radiation at a
strategic location so as to inprovre the degree of el ectronmagnetic
radiation to which the 25 conposition on the substrate is exposec.
Simlarly, additional sources of “+orragneti c radiation, or as

Example 1

£ photocurable composition in accordance with the
present invention was prepared from abou- 95.9 grams of
ethyl-2-cyanoacrylate, about 0.1 grams of ferrocene and
about 4 grams of "DAROCUR" 1173 as a photeoinitiator.
Typically, commercially available Cyanoacrylate-centaining
compositions (such as "PRISM" Adhesive 4061, commercially
available from Loctite Corporation, Rocky KEill, Connecticut)
are stabilized against premature anionic polymerization by

- e Ca _ .
the addition of an acidic material, such as boron

38
n

trifiuoride cr methane sulfonic acid. In this example,
therefcre, the ethyl cyanoacrylate contained about 20 ppm of
boron trifluoride as an acigd anionic stabilizer. Of course,
greater or lesser amounts of boron triflouride or other
acidic anionic stabilizers may be added for such purpose.

In one instance, the three components were added
directly to a polyethylene vessel and mixed for a period of
time of about thirty minutes at room temperature. In
another instance, the cyanoacrylate was added to the
polyethylene vessel, and thereafter a premix of the
ferrocene in the "DAROCUR" photeinitiator was added to the
cyanoacrylate already in the vessel. Mixing in this latter
instance was also allowed to continue for a period of time
of about thirty minutes at room temperature.
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bove reflectors which redirect onto desire
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further enhance cure. 30 Accordingly, the conpositi ani of” tf
invention provide a nunber of benefits and advantages. Thesed!np ﬁ Sb ?he
built-in secondary cure system (i. te_. , t._@lgog O\-Nln:’ILLI ?tsl ggrlt incﬁfjalrltgloattracti Ve
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""-”2' (W l"‘l'lcre-u ::ecl-'Ln 3 = pyie 7 . S = Aar ¥ ,
Eg\/r{ gtsggl ?%é“bu°§ea°or ‘%%%éﬁ FriffarBhe ReXerdkguws andt itnvd &eﬁﬁuhggﬁbed.
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tB<E6RE & ni iti h as "PRI SM Adhesive ,
cyanoacr yF&t+ELEGRAT &I ni na conposi tions (such : ( L
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*gater clamp to form a test piece assembly,

~

and thereafier introduced inte a "ZETA" 7200 ultraviolet

n

uring chamber, equipped with a five inch medium pressure
mercury arc lamp (emitting light of a waveleng:h of about
300 to 265 nm). The clamped assembly was piaced in the

20 chamber under the lamp at a distance of about 2 tc 3 inches,
and exposed tc the ultraviolet light emitted by the lamp for
& period of time of From about five to about fifteen seconds
as reflectad below in Table 1.

After the indicated eéXposure time, the once-liquid

25 compcsiticn was observed to have cured into a solid reaction
pProduct. The thickness of the cured material, or the bond
line, was measured and determined to be about 1-3 mils. The
data presented beiow in Table 1 reflects values obtained
after a period of time of about 24 hours a- ambient

30 temperature conditions prior to testing.

Shear strength tests in accordance with the
protocol set forth in ASTM D-1002 were performed on the
cured test piece using an Instron Universzl tester (Model
4206, Instron, Canton, Massachusetts). The Irstron tester

35 was used to measure the force required to separate those
test pieces from one another. Instron measurements,
commonly in the range of about 2500 toc about 5000 psi,

obtained. The force measured translates into the bong

were



the addition of an acidic material, such as boron trifluoride or nethane
sulfonic acid. . _Jn this exanple, therefore, the ethyl cyan -

cont ai ned "abd{2%0o ppm of boron trifluoride as an acid ani %ﬁ?@*ﬁ%@ﬁ i zer.
O course, greater or |esser amounts of boron triflouride or other acidic
anionic stabilizers may be added for such purpose. In one instance, the

t hree conponents were added directly<?f a pol yethyl ene vessel and mi xed for
a period of tinme of about thirty mnutes at roomtenperature. |n another
i nst ancestt-hkegtyandachy| ate=ivasadded becthe:pokyetéydehe vessels, and
thereafter goggggi )k_g_cpf,_g,‘p;e,fQr,{ca_ce.r,\e‘,ci_:m\the "DARCCUR' photoinitiator was
added to the cyanoacrylate already inthé vessel. Mxing in this latter

i nstance was al so alPobwe- 1o TorfEeE £ér “aSperrod ST RITE ‘67 about thirty
m nut es ater OEEELEOPEA-MEAM B 2o MD-08L38260the strength of thre

PCT/ US98/ Q3,§l&;g3- nce .t he phot ocur_.ael;I e_conmposi.ti q]:\.‘\,/vaﬂsvdo,rﬁe,par ed, a drop

or bead (ab6uf “0: 2°grams)" thereof "was “di §pensed=usi ng a polyethyl ene pi pet
onto an DFEBRFAVEBERESt Fa@B Mg i digegcopisicc péabst rasenfiihosee dimnsi ons wer e
about 1 %r% %r0s85-LACHESsw 5 » B4l as those available commercially from
Industrial Safety (p.).__Mre specifically, the _conposjtion was applied to
one end portion o?g‘a ‘éﬁtbestfr'aaibeep"at’rfd“ tvér éé?t‘?ér" a“Second Jspugrsgra“éte (each of
whi ch beirr§-echstruptettidromiting same sabgecakiand hewying tihd tsafe

di mepsi opgbowasepl aged: & Ao alerald y-;10- - :disphaced. offset position with
respect thereto so as to cover that portion of the first substrate onto
whi ch t hE“EERPOSTt RERCIRS PISe &Y. tPhir§25ppPPCEF PORC WSS Ferfdiiméd in
triplicakézefhe pwepwisdbst ratwes afersdcidiienschanpedeibgettherirla rorusi ng a
smal | al Li.gatqr cla A Jest 1R ece assemply, and thereafter
introduclédgi'ﬁtgg'a ‘*;%er‘ti&%g‘goro@ﬁéh‘a“ﬁ*%l ég}%(?%r”?ﬁgvéhé:rlrbeér;i:,élg%tﬁ“ﬁ'ped with a
five i ncHifBdrlifh PFesent el BT Sy aife FARP2CEA tFi PGS | FYMH BF"&wavel ength

of about wizh about 2 grams cof "IRGATURE" 651 as = replacement for

the "DAROCUR" photoinitiator, with the pkalance of the
composition coming from additional "PRISM" Adhesive. Sampls

Nos. 4-6 in Table I reflect this second comgcsition which

were subjected to the indicated varying initial exposures to
20 electromagnetic radiation.
Table 1
Sampie Radiation Exposure Shear Strength 1
No. {secs) {(after 24 hrs, psi}:
1 5 4087
25 2 0 3835
3 15 4848
4 5 4984
5 10 4293
30 6 15 3062

Tables 2a and 2b below are to be construed
together and set forth several other photocurable
composition formulations in accordance with the present

35 invention prepared from "PRISM" Adhesive 4061 cyanoacrylate
and 0.1% by weight ferrocene with the listed photoinitiators
and amounts thereof, the cure process employed and certain

properties and characteristics of the reaction products



300 to 365 nn). The cl anped assenbly was placed in the 20 chanber under
t he | anp vad ogizghiest ance of about 2 to 3 inches, and exposedPCTDUSHE3819
ultraviolet light emtted by the lanp for a period of tine of from about
five to about fifteen seconds as reflected belowin Table 1. . After the

i ndi cated exposure tinme, the once-liggid 25 conposition was observed to
have cured into a solid reaction product. The thickness of the cured
material, or tr{e bond |i ne,, was nea§ured and det.erm ned _to he about 1-3
mls. THEWHS Presentad befow Tn Table 1°TaH Ters varués oBfArned after a
peri od dfcg. n"eld‘f‘ alsoet z24ohear scatvagbi amlS8E Y tZenper aegredcoAdi ti ons
prior to tgstdnGecohean stigpoth-Lesis; i accordance W ththe:proetocol set
forth i ASTM D- 1002 wer e performed_on the cured test piece usi ng an

| nstron Ver sdi~% ESFEF ENDERF 2206, T PRst O - Camt - WEsSAcRESet ts) . The
| ns&ron fixest eth B cuwas Gseduie:heasuie therdarced equineédet Oksepar at e
those test pieces fromone another. Instron neasurenents, comonly in the
range of about 2500 to about 5000 psi, were obtained. The force neasured
transl ates into the bond WO 983826022

PCT/ US98/ 03819 Z2&7.S Y E t expressed in
terms or pounds per <:mmrf-‘- lnr‘h (frej” Thepél mtl"rgrt eature of the cured
conposi tion of ithe present “YRRent | orf*narbpears toi be the strength of the
suBstrate on which |t nS-zpPEd @a7AN0 YT €l The average measurenments from
the three test |pi ece assenbl y specr rans are present ed below in Table 1. The
data tresented o Sarrpte; 223 | By [abl vl refTeet coprpositions which
were subjected |to varying i i t| al 10 lexposure$s to el ectromagnetic

radi ation and it he sheaﬁustrenglt"ng dempnstvr/atsed by the rpactl on product as
a result after_a nerlnd of tinme of'abdaut 24 holir s prior:to Instron.

tes1t5| ng. A seolonrb phb-’tp(}é(fﬂ’ ke %éhposqtl on-in acccrdance

{zencxrel)

Table 2b

Shear Strength (psi) |
Sample :
20 No. after 1-3 min ! after 24 hours i
Substrate Type Substrate Type |
|
| i i

UV trane ; UV abs UV trans | UV abs

I
7 31:2 ; °26 358l [ 2800 :
- 8 : 3352 1208 3021 3000 !
25 i
9 32892 2672 3,282 2198
10 42 ! 147 1724 l 224

In Table 2p, the shear strength was measured after

30 exposure to electromagnetic radiation after z period of time
of about, 1 to about 3 minutes had elapsed and then again
after a period of time of about 24 hours at ambient
temperature conditions. Plainly, the shear strength

25 measurements from the test piece assemblies constructed with

the composition containing the "IRGACURE" 1700
photoinitiator (Sample No. 9) demonstrated a relatively
small difference between test piece assemblies constructed
from UV transmitting and UV absorbing substrates. And the



with the present invention was prepared in the same nmanner wi t h about
2 grams O J RE" 651 as a replacement for the "DARCCY ,USQS/

phot oi ni t (§f th t he bal ance of the conposition com ng rom a | t| -onal
"PRI SM' Adhesi ve. Sanple Nos. 4-6 in Table 1 reflect this second

conposi tion which were subjected to the indicated varying initial exposures
to 20 el ectromagnetic radiation. TaBlfe 1 Sanpl e Radi ati on Exposure Shear
Strength No. (secs) (after 24 hrs, psi) 25 2

10 grear sMBTD measurghents {rom tsst ASAG: bssenblBes

4984 5 co*=**ec343 with “he TV “*439§*§9 ubstrzies and <18 15
3062 Tables 2a, and 2b below are _to be const‘r‘ujegwtoglet her .and set forth
several ot hRYS photdiFatie-canposi f i oA~Formul At 1 ors ST -accorShce with the
present 85s sipwentd ore prepamedsi:rem LPRhSMe Adbesiase 4861 cyanoacryl ate
and 0. 1% by. weight farfqcene. wi.th.the Listsd photainitjators and amounts
thereof, the cure process errp[oyed ‘and” cer‘t ain __pi"opertl es and

char act ef PAEVeS~ 0f- the FedEticolSpr dduets" IREREYIGH) 3§60 Sample Ko,

PCT/ US98£ 03819228 oy ned rhenekr efme Faghcof iihese Jomwati.ons (i . e.
Sanpl e NQ% 1:40)_vere allowed tg.cure, goggl etely for aSJQ_,(eeqeg of tine of
about 24 5sar =95 The shear

cr

our s afier 1nitial exposure “fo Urtfavior ét
strenth &fc T—hea?ea%?l' T presducts vﬁoﬁﬁedm@l%rmﬁﬁm“@u e’@fr'f OWnul ati ons
i's Tepreseated: t9: Jabl.e 2b.vLabl-e- 2a=Saquem:Pgot oqytal-_t icaler o Rad. Cure

-

Rad. EXp_._b’lQ_._A N e ~ et , Q Llé}?,ec 8 "TRGA\CURE 651
206 W/ °—“”=‘5*t‘°'-=3|%qéiﬂ§'~-“r?66 weg F/ "“—qlléf ¥6 =510 PRI SM Adh
4061 the same range, which wza 21l zbox that of the coxntrol --

' 1
(53]
jes}
1
b
7
o
b
(8]

In this example, a photcinitiatcr was used in the
forruliation which is capable of initiating polymerization
irrespective of whether the substrate used is constructed
from a UV Zransmitting material or a UV absorbing material.

29 That is, the photocinitiatcr may be initiated by radiation in
the visible region cf the electromacnetic spectrum.

More specifically, three formulations were

rr

prepared Irom "PRISM" Acdhesive 4061 together with about 0.1%

[{¢]

o

ferrocens and akout C€.5% by weight to about 2%

[

<

by wsight o

[\S]
[$3]

o}
H

oy welght "IRGACURE" 1700 as a photeinitiator. The
amount of "PRISM'" Adhesive 4061 {containing
ethyl-2-cyanoacrylate) chosen is within the range of about
27.9% by weight to about $%.4% by weight of the composition.
A fourth formulation consisted only of the "PRISM" Adhesive
30 4061 and was used as a control.
. The formulations were prepared and applied to
"s/p" micro slides (commercially available from Baxter
Corporation, Deerfield, Illincis), which were then
positioned in the “ZETA" 7200 UV curing chamber. The
35 formulations were each observed to cure on the glass slides
in a time period of about 2 to 3 seconds.
The formulations were then applied to acrylic

substrates, both of the UV absorbing and the UV transmitting



15 ( control) Table 2b Shear Strength (psi) Sanple 20

No. af {yvey oglagBeom n after 24 hours Substrate Type FATEWII80881Fy pe UV
trans UV abs UV trans W abs 7 3152 926 3591 2800 25

8 3352 1208 3021 3000 9 3292 2672

3,292 2198 10 42 147 1724~ _. 2624 In Table 2b, the shear

strength was neasured after 30 exposure to el ectromagnetic radiation after
a period of tine of about, 1 to about 3 jnutes had el apsed _and then again
after a peM%d of%t e of “EhBUT YA~ RotrR 4t drbi®ht SEéfpsratfiPe conditi ons.
Pl ai nl y, diheshgaciskrengthtmeasucenents feomifhetcesicipoegerassenbl i es
constructgd, w.th .35 -theGopposthi op: cont alwi N9 Lhe LREACURE: ~1700
photoinitiator (Sanple_No. 9) denpnsttated a relatively snull difference
bet ween t%&$i® fiFe&E aSsenbli BSSEORSETrUCE LTI bR LV tHEn SR tPFR§9and LV
absoebi ng: sshetiriatce scerAndbhenos IWRE98E 38266he UV curing chamber and
PCT/ US98/ ( ) shear-strength_peasurenent fyomtest. piece.assenblies
constr uct“g\ 8D]E\E/iﬁ”t H 't he _B@gégég\r‘ﬁi hg‘ Lé%%sf?h]tr%'s‘%acﬁd”ﬂ%e ”ESﬁ%bAé’i't i on
cont ai ni rigP@e "1 PGACORE" S§7003phot BRaTe3 B OF . \idy® S§5Er PERCBo t hat measur ed
from t he LOMPOSIild-0NS xeORt ahAL DFe&i § hefmof e dhe: Hi8k: cpRet ebABL L AGKSE
"DAPOCCUR’, 1173 _ (Sanple No.7) or | RGACURE" 651 (Sanpl.e No. 8)-- after the
1- 3 mi nut®% ie Fercod =i Mdiat 8d aB3Ve. * Howet b8t 1% A cGr&°5f about 24
hours, t hesnreasur eeesugefieoneeatheaft hest esteqi ecssaddenberes construct ed
from W tsansmitddNe0r ;UVrLabsarbi-pg subsirad es- and.frem eachrobethe
above-listed photoinitiator were all substantially w.thin

in Bxample 1 h of t¥ipllicate

1, svpra. The second set orf t¥ipil specimens
was silowed to cure Ifurther at ambilent temperature
conditions Zcxr a period of time of about 24 hours. Failure

L5 in these specimens may occur due either substrate failure
{e.c., substrate fracture), cohesive failure (e.g., where a

porticn of the photecurzble composition separates due to the
£

applied force on surfaces of both substrates) or adhesive
failure (e.g., where the composition serarates due to the
20 applied fovce cn a surface cf one substrate) .

Fh

irst formulation contained about 2% by weight
of "IRGACURE"

[

702, and the UV transmitting test piece which
was expcsed to UV radiation for 1 seccnd demonstrated a

shear strength cof abcut 2552 psi with adhesive and cohesive

o
(9]

failure; the ceorresponding UV absorbing test piece assembly
demonstrated a shear strength of about 864 psi with cohesive
failure. The UV transmitting test piece which was exposed
to UV radiation for 2z seconds demonstrated a shear strength
of about 3292 psi with adhesive and substrate failure; the
30 corresponding UV absorbing test piece demonstrated a shear
strength of about 2672 psi with adhesive and substrate
failure. The UV transmitting test piece which. was exposed
to UV radiation for 5 seconds demonstrated a shear strength
of about 2910 psi with adhesive failure; the corresponding
35 UV absorbing test piece demonstrated a shear strength of
about 1698 psi with adhesive and substrate failure.
The UV transmitting test piece which was exposed
to UV radiation for 1 second and thereafter allowed to cure



t he sane range, which was well above that of the control -- "PR SM
Adhesive 4061  (Sanple No.10) Exanple 2 In this exanple, i iatcr
was used ‘?’99F’ﬁte2%?or mul ati on which is capable of initiating %Qﬁ%/%g?% t29at4 on
irrespective of whether the substrate used is constructed froma W
transmtting material or a UV absorbing material. 20 That is, the
photoinitiator may be initiated by r&&ation in the visible region of the
el ectromagnetic spectrum Mre specifically, three fornul ations were

pr epar edfhrone PRVSM + Adhesi vemd@6t r‘aogét heshatt hsabout=10.ctY%eaypunei ght  of
ferroceng;gpnd_abo 5% hy. meight ta . abgut 2% 25 .k kght of "1 RGACURE"
1700 as a gﬁo?o?n‘ly%l\gt o{él‘fmﬁ gggﬁﬁﬁt& ot’ FPRISM A%ne‘s’f% 4061 (cont ai ni ng
et hyl - 2- BPaABEERT| 828) ISR SS€TMHhERTCERET F afige? of &0 T TF759% by wei ght
to about c99:3%uby:z yet ghd : o,f_:trh%ﬁl@,@pogl FeODurA. f ourd h-f ormul ati on consi st ed
onl y_ of the " PRI SM' Apheswe 30 ..4061 and was used as a corltrol The

f or nul at irBRESWEr 2~ YF epat ed aid aﬁpl“l‘ e8>0 *5rp* ntero’ 19 “*(“com"rerm ally
avai | abl écfr @ansBaxhes LoF poreatszdrizrDeerbivebidrel ELinoiwys! éWmI@h wer e then
Dosi tiongdyi0 {:he ~LETA 5200 ,1l,l;\£ CHkihBg ¢hanbeLcdhe 35 <nd9rmul ations were

[ P

each observed to cure on the lass slides in,a time period of about 2 to 3
seconds. ':T"h’é'“ﬁo]r"nut‘étl‘b'ﬁvsr“'” *rén —é(pﬁEFSd*’t“oqacrytl%‘s‘tfbstrat es, both of
the UV alisochbehgataed & hehddt tatarsmicht bfgascuWE 982 3&5&__.*
PCT/JS98L03819.=27=,1ype.  Thg formylations were applied tMo sets of
test piece specinens in triplicate o of h UV~ a sorbl ng_ acr J] i c "Subst r at es
and UV t BEASAPEL FRQUBCY3ATa SUibstFae $2CHAPEN 2 Er BRF BT “%°0 cfl&t‘or't‘i‘t~*est pi ece
assenbl i es. cuther sﬁctﬁ@fnwtcﬁz.t hassekhicestracee at hesapasideonred in the UV

curing chanbgr gnd g£xposed, .o Uy.radiatien.for thg}_ fglt O nag]dtl peri ods:
about 1, Zeconus; erearter, the test’ pre
UV ano*Dlrg test riece cemorscr ted & shzer szreng h of
5 about 2502 psi with substrate failure.
The second formulation cortainel about 1% Ly

weight cf "IRGACURE" 1700, and the UV transmitiing tes
piece which was exposed to UV radiation for 1 second
demonstrated a shear strength cf about 12

20 acdhesive failure; the correspondinc UV abscriing test pilece
assembly demonstrated a sheaxr strength of about 430 psi wit
cohesive failure. The UV transmitting test piece which was
expcsed to UV radiation 2 seconds demonstrated a shear
strength of about 280& psi with adnesive and cchesive

25 failure; the corresponding UV absorbing tes: pilece
demonstrated a shear strength of about 2334 psi with
adhesive and substrate failure. The UV transmitting test
piece which was exposed to UV radiation for 5 seccnds
demonstrated a shear strength of about 2208 psi with

30 adhesive failure; the corresponding UV absorbing test piece
demonst;ated a shear strength cf about 1832 psi with
adhesive and cohesive failure.

The UV transmitting test piece which was exposed

to UV radiation for 1 second and thereafter allowed tc

35 further cure for 24 hours demonstrated a shear strength of
about 2828 psi with adhesive and substrate failure; the
corresponding UV absorbing test piece assembly demonstrated
a shear strength of about 1742 psi with cohesive failure.



assenblies were maintai ned at anbi ent tenperature conditions for a period
of tine whabews 1 to 3 minutes and shear 10  strength nB&IGHEHBIHS of
each test piece assenbly were determ ned using the Tnstron Universal -
tester, as described in Exanple 1, supra. The second set of triplicate
spaci nrens was allowed to cure furtdser at anbient tenperature conditions

for a period of time of about 24 hours. Failure 15 in these speci nens
may occuyr dus either 5&@%@14{ faidur e (lea_cwaﬂ sggaﬁe e.fragture), cohesive
failure Ee g, V\Eereap tion of the potocura ecorrp03|t|on separ at es

due to ERE-EPPPIed FRTE DM FUTFaresIoEhethovaBstPatesy o dtfitesi ve
failurerece. g.., hwegeantdftﬁ»&:ﬁm td @be&@&ﬁ.@%&&* Huest abdbre 2608 mppl i ed
force on.a surface of one substrate)., The first forpulation .contained about
2% by W&t °‘b‘ S P RGEURE 00, affd tHE UV Fr SREATETT NG test pi ece whi ch
wass expebedrbongVeesidi i on dororls wwadend adeieast paredsas shiear>3ty engt h of

about 25325pgki Wt fn aghiesd Me: and: cohesih e 251 1f:akl urese the corresponding
UV absorbi ng test g ece assenbl y denonstrated a shear strength of about 864
a

psi witf* EBHE‘%F% FEET 25 B T é“nsm*?‘f“l:’ﬁ&“t &§t U pi BeE hith was exposed
to UV rddirabi encbois 2asdcomtssademnstiniatwed acskhear Strengt Kof Zbout 3292

psi W th.adhesLye,and, supst rate f all e, he 38.,-coppespond, ng, W

absorbing test piece denmonstrated a shear strength of about 2672 psi with
adhési vECARG1¥AbER T ALES f A PUr T ITRRP O i CandnFREPKE L EBsE e P e hhi ch. was
exposeddeachVrradeat 4 oshéor <cseepnisdemast cgbedpaishean strength of
about 29],(‘)J ggg \én th. ?dh§3| ve failure; the correspondl ng 35 WV absor bi ng
test piecé ehonstrated a shear strength of about 1698 psi w th adhesive
and substrate fai Fopet=THé IRrTEasET tdogatiest pPese Whith Was exposed to

W radi glijentl eF i:second:sand;ihereaf ter: ki euwedsh9-cure ~==W0 98/ 38260
PCT/ US98/.03819. 28- further fol 24 hours, ﬂ_eernstrat ﬁd a shear strength of
abdut 2875°5si M PhYalnesrvest aid ur'e: T iHeE o é?po dPRg=TV

demonstrated a chear strencth of about 1776 psi with
adhesive failurxe; the corresponding UV absorbing test piecs
assembly was not observed to cure. The UV transwmitting tes:
piece which was exposed for 2 seconds demonstrated a shear
20 strength of about 1830 psi with cohesgive failure; the
corresponding UV absorbing test piece demonstrated a shear

strength of about €54 psi also with cohegive failure. T

0]

t

UV transmitting test piece which was exposed to UV radiaticn

Zor 5 seconds demonstrated a shear strength cof about 2064
25 psi with adhesive and cohesive failure; the corresponding UV
absorbing test piece demonstrated a shear strength of about
1904 psi with adhesive and cohesive failure.
The UV transmitting test piece which was exposed
to UV radiation for 1 seccnd and thereafter allowed to cure
30 further for 24 hours demonstrated a shear strength of about
2124 psi with adhesive and substrate failure; the
corresponding UV absorbing test piece assembly was again
ocbserved not to cure. The UV transmitting test piece which
was exposed for 2 seconds and allowed to cure further for 24
35 hours demonstrated a shear strength of about 1830 psi with
cohesive failure; the corresponding UV absorbing test piece
demonstrated a shear strength of about 2820 psi with

adhesive and substrate failure. The UV transmitting test



absorbing test piece assenbly denonstrated a shear strength of about 2466
psi with @,g{?%gg%, failure. The UV transmtting test piecep®ishs @
exposed to radi ation for 2 seconds and thereafter allowed to cure -
further for 24 hours was observed to not change with respect to shear
strength; the corresponding UV absorbjng test piece denonstrated a shear
strength of about 3198 psi wth 10 Ssubstrate failure. The W
transmittinG test piece which was expsed to W radiation for 5 seconds and
t her eaf t BFC&F | DWE 1'6- T FF@OPEFL Rer VF oF 2 245 howt s~ He o fScraced 2a8Cshear

strengt ht pérabotdr ?a&llzwrasﬂ “wl th-substenée fatlid ejcdhe seaprespanding UV
absor bi ng Lest. _pi.ece d_em)nstat ed g Qear strength of. _15 about 3502 psi
with subStFate failuie. The “S8&6nd*for Rt af T on coht i red about 1% by

wei ght otO"t:RGA@:URE""Ir‘ﬁOO hgndothesbVniinnshY tabsrg iest Cgiséceiwhich was
exposed sonilNctadiationfar L.secgpd demppst+ atetk a,sheakrstrength of about
1272 psi _with 20 adhesr ve failure; the correspondr ng WV absorbing test

pi ece asSenbri~ vendistT=ited a shear strength of about 433 psi with cohesive
failure. The UV txansmddtiaeg testopietenwhi Bhimes expesed &OsWV radiation.
2 secondg dennn&trat_ed% shear strength.g %ﬁapeut 2808 psi with adhesive and
cohesi ve % TarTure the corres ondr ng absor bi n test piece

denonst r ¥ &EH ShEw &t engtRse F“aEButhSSH—‘b%‘f wi te "ad"hé”§| #é BAdsubstrate
faidwre. tTherNet1ansy tdridngvt @dkcpreee whi€hoias: exposed xhaibly: eadi ati on
for 5 seggnds de 1 rated hadshear;hstr;eggth of, about 2208 . psi -with 30
adhesi ve faiTure: the correspondr ng sorping te st pi ece dénonstrated a
shear st#epgth>dfFrBbouic 1832psi Y&FPACAENes ve dnoaolfdsitwd sf akfgre. The WV
transm tbEngatest ol ecermi:chvas-expoesed 9 M-fadiat:ionsker nL-second and
thereafter al Towed to 35 furthe% cure, for 24 hours dermnstrat ed a shear
st rengt hBF < about - 2878 F55i-Wi £h &8RESI 96 ARG SubstTate failure; the
correspongirngréahiabsonbiing crest theetd assesbiyc degmu atiedea shear

strengt ha@feab0Ut 5 /4% dIsic M &N 6eReSLYehgihUEL nout 1722 psi and
thne UV absorbing test plece assembly demcns:trated a shear

strength cf about 2624 psi.

2 -
20 Example 3
In this example, &dditional compesitions in
accordance with the present invention were prepared and
evaluated for their speed of cure, stability, axnd bond
strength.
25
Taklie 3 low shows the components of these

compesitions.

30

W
(&)]



WD 98/ 38260 PCT/ US98/ 03819 - 29-
The WV t hg@ssidkd Ng test piece which was exposed to UV radpat/iusssddspeconds
and thereafter allowed to cure further for 24 hours denonstrated a shear
strength of about 2808 psi with adhesive and cohesive failure; the
corresponding W 5 absorbing test_{j ece denonstrated a shear strength of
about 2538 psi with adhesive and substrate failure. The UV transmtting
test piece which was exposed to UV radiation for 5 seconds and thereafter
allowed, to cure further for 24. Hé8*&-denonstrated a shear strength of
about 2004 psi Wi fBaddle | CONEST ¥@mptaddedr €; T he Gakraspondi ng UV absor birng
test piece dencnstrabed h shear strength of adoubt%zzl psi with substrate
failure. The thirf Tormulatipr Comyabned abput 0. 8% by wei ght of

"1 RGACURE" 1700C,: and the UV transything testi 15 s0s pilece which was exposed
to BV raciation for 1 second demmnstaated a shearo.strength of about 1776
psi w th adhesi ve faljure; e COLTESPONELIY (U absonbi ng test piece
assenbly was not pbserved to cure, _LZI'Jn,e OV transm §4,,ng test piece which was
exposed for 2 seconds demnstr%edgpaushﬁ@r 20 strength of about 1830 psi
wi th cohesive faif Ut eyt e ¢ oL I S SpongL N uv dLa%hUIlg’test pi ece
dermonstrated a shéar strbngth of g%oﬁ?C&é 52° pgi é Q With cohesive failure.
The W transnitting testpi ece-pahkeh: V\@%Oexposegotg UWradiation for 5
seconds denonstra —2064-—25 psi with adhesive
and cohesive failpre; ',d‘ca r’Uzabsorb”lng tiest piece
denpnstrated a shear str 104 psjl Wi t \dhesi ve and cohesi ve
failure. The UV transm-tH - ' Heh- sed to UWradi ation
for 1 second and {hereafter-8r1¢ m@@“f ‘:“"df"*ee 30 J%grther for 24 hours
denonstrated a shpar strgngth of - abaut. 3124 psi Wi h adhesive and substrate

ls
)

A O

failure; the corre-spdnm-ng~w—a-bsm—b4—ng—£e-sx—#4_eee_a53enbl y was again
obsérved not to clre® The v r‘an)sm“f‘hlrr@t? est jﬁoe&e 'whi ch was exposed for
2 seconds and al |l owed tofcur e,,Ipu, {1(‘—3? IPJO 24 35 h?)urls denonstrated a

shear strength of about 1830 psi Wi th
17 Ethyi-zZ- c».;noac*‘,ia e 88.97
Cp,2rCl, 0.0288
"IREACURE" 1700 1
18 Ethyl-2-cyancacrylate 99.48
20 PLACAC 0.02
"IRGECURE" 1700 0.5
ig Zthyl-2-cyanocacrylate 58.92
Farrocene 0.01
Methyl pyruvate l z

In Table 2, Cp, represents dicyclopentadienyl and

1) .

\§]
u

Py, represents bis(Z-pyrid n addition, to the

l.<‘
L]

ethyl-2-cyanoacrylate has beer added zbout 50 ppm of RBF, and
about 1000 ppm of hydroguirone to minimize premature onionic
polymerization and free-radical formation, respectively.

10 Sample Nos. 11-19 were prepared along the lines of

the samples described in Example 1, supra.

* Once prepared, about 10 mg cf each sample was
placed in an aluminum pan and exposed to UV radiation

emitted by a medium pressure mercury lamp (10 mW/cm’

35 intensity at a 365 nm wavelength). The exposure occurred
for a period of time of about 10 minutes under isothermal

conditions at a temperature of about 30°C.



cohesive Failure; the correspondi ng UV absorbing test piece denonstrated a
shear st r\%%%}isi%t) about 2820 psi wi th adhesive and substraperigsdssse The
W transmtting test WO 98/ 38263

PCT/ US98/ 03819 -30- piece which was exposed to UV radiation for 5 seconds
and trereafter allowed to cure further for 24 hours denonstrated a shear
strength of about 2190 psi with adhé$ive and cohesive failre; the

correspondi ng UV absorbing test piece 5 denonstrated a shear strength
of about 3128 psi Wit ExsUbstiange dedichvuies AgbdsconeToli<enpasition/, " PRI SM
Adhesi ve: 48616y aReadk yi (£ AANRSI Ve -Was raksoaappl te £ e otk WYc

transmtti g and_UV _absor bi ng .t est pi eces Exposure of_ both 10 w
transm t tHgTald " HOVFEDEDTDI 1Y T*éﬁ“‘ﬁe‘@é’e‘f‘ro‘ﬁkf?aﬂ? ationfor 5 seconds
resul t edrkarshear st rempd swasuserest scokraboet 43tps wibnts 95$i ,
respectiweky. . Val ues pidhis -qr.der. of. magnichi de effeot iveal v .npan tshat the
conposition did not cure. After a period of about 24 hours at ambient 15
t enper at BteCEoRYI £ oh%, “HHEIR 4t PRTSH SEFAgYt est ni ece assemby

denonstrat ed a sheate s:t*rdangt_hr afimabent p€24 Psik ance the t¥ aliser bi nag
“test p ce--assenply. nsirate ~shear st th,f,a 2624 psi. 20
Exanpl e 371 n.%tﬁ gpexa%pe% ddi t gonil b %rrposg'??gn ‘iﬁ ?accor ance with the
present FRdeRPi SR ARI2 lfﬁ?efp"a‘rce"d TEAd TeWal FEERASEEFNiel TR @EGR cur e,
stabg | i t ¥reandzbondd stv entagih.antalea )3 chelkowrs baws-te: Lonponent s of t hese
conpositions. .30 WO 98/.38260 .

PCT/USQSFBngé“nJ (or TexXothermic photo-curing reacticon!. Higher
enzhalrhy includes the sample has a gresatsxy reactivicty. L2
course, a faster curing sample wilil have & zhcrter znduction
time, a peax max time and a higher enthalphy Fox exampls
15 Sample 11 reguired 1.1 conds of ch UV exposure to inducs

UV curing, 4 seconds te reach a UV curing reaction maxinum

and generated 164 J/G of exotheric heat.

Table 4
Cample |Induction{Peak Max Enthalpynf!
20 No. Time {secs) (J/G)
(seczse)
11 1.1 i 2 164
12 14.5 | 623 4086
13 6.1 11.2 278
14 1.7 4.8 20¢ é
25 15 2.3 B.2 277 |
16 16.6 531 224
17 18.6 221 309
18 12.2 88 419
19 24 172 355
30 As a control, ethyl-2-cyanocacrylate was exposed to

UV radiation under the same conditions as the other samples,

and no polymerization reaction was observed to occur.

Example 4

35 In this example, one-part compositions according
to the present invention were prepared with a variety of

viscosities and photoinitiators for comparative purposes.



-31- [err] In Table 3, Cp[err] represents dicyclopentadienyl and 25
PY[err] wepgessats bis(2-pyridyl). In addition, to the PCT/US98/03819

et hyl - 2-cyanoacryl at e has been added about 50 ppm of BF[err] and about-1000
ppm of hydroaui none to m nimze premature onionic polynerization and
free-radical formation, respectivel-g3-30 Sampl e Nos. |1-19
were prepared along the lines of the sanples described in Exanple |, supra.
Once prepared, abot; 10 £ach sanple .. aced kn Iunlnunlpan and
exposed to W radl ation ger?n:ttoéd b%‘a lél u\r??%:r)g%sure rrrsr%‘fjlsre;1 | anp (10

mVN cni er FPM3851--¢Htensity at a 365 nm wavel ength). The exposure occurred
for a period of tinme of about 10 mrpuiess under isothermal conditions at a
tenmperature of about—30[err]C WD 98738260
PCT/ US98/ 03819 - 32 {5¥Re® Hata sKEWFBE oW in 'I”a"br'%“zi provi des information
on Sanple Nos. 11-19 P®garding their ability to™Gufle :when exposed to

el ectromagneti c radi atzoon| Hﬁelre§ﬁ€ﬁ§€*fGW‘tmé%e ‘Banpl es was det erni ned
with a DuPont 930 Differeptial PH3E®CEl ori metef- }5DPC ) to which was
attached an Criel 68805 u iver“s_al_ﬁR%L\ﬁer suppl){ *fhe ilnduction tinme and peak
max tinme is the ti i neaphoto curing
reaction and to reach?Za r aﬂ% YOTE TRRXHARTT Y 268 p c%ﬁéeﬂy These data 10

are neasured by onset ang peak ?’h@?%*’the r§a8t?ﬁn ent hal phy (or

exotherni c phot o- cufing reaci Qng s ‘ﬁer enrth ppy i ncludes the sanple has
a greater reactivi tw Of_toursé” SEAY° cur ] ng <’arml e wll have a shorter
i nduction tinme, a péa%‘ L Fhod- ﬂﬁﬁd&bﬁFgﬁéF entafhy. For exanpl e 15
Sanple 11 recuired 1 1 seconds of**$BEHRELV expésar‘fo i nduce W curing, 4
seconds to reach a WV cur({ng reactiBl, nmaxi numang’ geerated 154 J/ G of
exotheric heat. Table 4 T L

23 Ethyl-2-cyanocacrvliate ; 98.8655
=5 Ferrocene | 0.00s
"DAROCUR" 1172

S

}
{
}

24 Ethyl-2-cyanocacrylate ' 23.495
Ferrocene l 0.005 )
"IRGACURE" 1700 ! 0.5 }

In Table 3, PMMA represent polyimethyl
20 methacrylate) .
Sample Nos. 20-24 were also prerpared zlong the
iines of the samples described in Example 1, supra.
Once prepared, about 10 mg of each sample was
placed in an aluminum pan and exposed tc UV radiation
25 emitted by a medium pressure mercury lamp (10 mw/cm’
intensity at a 365 nm wavelength). The exposure occurred
for a period of time of about 10 minutes under isothermal
conditions at a temperature of about 30°C.

The data shown below in Table 6 provides

30 information on Sample Nos. 20-24 regarding their ability to
cure when exposed to electromagnetic radiztion. The
response for these samples was again determined with the
DubPont 930 DEPEC.

i As a control, a PMMA-thickened

ethyl-2-cyanocacrylate was exposed to UV radiation under the
same conditions as the other samples, and no polymerization
reaction was observed to occur.



Sanpl e I nduction Peak Max Enthal py, 20 No. Ti me

(secs) / ecs) 11 1.1 4 164 12 14.5 mgs(;sgmm 406 13
6. 1 1 %@/389 8 14 1.7 4.8 204 25 -

4.3 8.2 277 16 16.6 531 224 17 18. 6 221

309 1B 12.2 88 419 19 24 172 55 30

As a control, ethyl-2-cyanoacryl ate " hAs exposed to WV radi ation under the
sanme conditions as the other sanples, and no pol ynerization reacti on was
observed to occur. Exanple 4 35 'I‘aue g In this exanple, one-part
conposi tions accordlqg;;ha—t-he—grgs@ﬁ— TR wele prepared with a

vari ety of viscosi t I es,and, ﬁhgt Qd Nl ;j agtgggg f|or( -Gefparative purposes. WO

98/ 38260 ; PCT/ US98/ 03819 -33- Tabl e
5 bel ow shows the c(nhnnpnﬂc of ?hpqh Talle 5 SannL Conponent s
Amoynt (wt 9% 20 Et hyi- 24 cyarddacryl at & 88. 995 Ferrocene "1 RGACURE" 1770
21 Et hyl - 2- cyar gaceyl aEe 92 495! Fers ocene z2¢3 0. 005 7 "1 RGACURE"
1700 0.5 22 Et hy1 Z-gvanoacrylate] 92; 495 Fefgrocene 0. 005 PMVA
2t 1.3 .2 1 sa |
i i ! |
Tre ond strencth Zor cthe cured rezciicn product
of each sample is s=2t Ioxth in Tasle 7 beliow
10
Table 7
i ;Flock Shear Strength]
’ Saz:.‘.ple e 2 ming | @ 24 hre
¢ Fe- o Rr cure | RT cure
15 | 25 i 1407 1637
R N PEE 1951
| 22 0 1sm1 1815
23 | -- -
R

19}
Q

Example 5
The photocurakle compositions cof the present
invention may be used ir far flung manufacturing

cpportunities.

[\
wn

For instance, a variety of equipment for the
medical industry may be manufactured using the inventive
compositicns, inciuding,. but not limited to, needles,
tubesets, masks and catheters.

With respect tc needles, syringes, lancets,

30 hypodermics, injectors, bodily fluid (such as blood or
urine gollector sets, cannula/hub assembliss and
cannula/tube assemblies, such as those to be used in
connection with dialysis processes are but a few examples of
needles for the medical industry which may be manufactured

35 with the composition of this invention.

Generally, in the manufacture of needles for which
a cannula is inserted into a cavity within a hub and is to

be affixed therein, dispensing a pre-determined amount of



"I RGACURE" 819 23 Et hyl- 2- cyanoacryl at e 98.995 15

Fer r ocenewo 98/38260 0. 005 " DAROCUP" 1173 1 24  Ethyl - 2- cyBR6ASHYEEY

99. 495 Ferrocene 0. 005 "1 RGACURE" 1700 0.5 In Table 5, PWA -
represent pol yy(nethyl 20 met hacryl ate). Sanple Nos. 20-24 were al so
prenared along the lines of the sanpkes described in Exanple 1 , supra.
Once prepared, about 10 ng of each sanple was placed in an al um num pan and

exposed to W radiafion 25 _..enitted.by a.mediumpressure.qescury.lanp (10
mv crf er P i Tit BRSI LY é%“%”SGS*glr}fV\éV‘él “éﬁ%f %?Tf‘l*ﬁe"'e‘kp“osls%trj'?“é“ céurréd for a
period ofafislof albouts BO SRRt 65> -BRder FEdtherial @omdithizonshat a
temperat uke of:@hoWr30ker Khe cTherdalacshevac-bel ove i 4 Tahle G provi des 30
informati on on. Sanpl e I\*lo‘é.1 Z_Q;ggr_[@ga';gi,n\g_, t hei r,)abjﬁl_j;t%/ to cure when
exposed To- ettt Siagneti-c Fadeariron>he" t 88ponse For These sanpl es was
agaisn determ ned Wddedvhe DuRcit *830=DPCroAshaseonts®ls = sRVUA-ikelsi ckened 35
et hyl - 2- gyanoacrylat e aas exposed-ta-EVznadial Lon.tndel. thesamereondi tions
as the other sanples, and no pol yfreri zation reaction was obsérved to occur.
WO 98/ 38..2'[6‘ CLUIVE COTDCIITAlon Tay oL ’_D.Laced ac trlle JdI:F‘P@'F/eU%f"’G§8319 -34 -
The bond:s4 rend heddreddheccurzed ireabti cAnmayodachi afe@achuanpl e is set forth

in Table 7 del ow. .Tahle..7 _:[Aeﬁrr]w,i ;‘ageLgéFTQg p,ggég ysgaqnq__r%%%%%ist i ons of
g .

the present invention nmay bé ‘uséd in far flung nanufact urin
10 setes, fluid delivery and withdérawasl sets (such as drug

dslivery and klood withdrawal sets) and suction tubes are

ut a few examples cf tubsets for the medical industry which

may pe manufactured with the composition of this invention.
In such instances, Zubesets and connectecrs may be

z5 assembled with the inventive compositions by inserting one
g

ccnnector.
Avoiding the use ¢ z primer composition is

parcicularly attractive since solvents used in conventional

20 primer compositions may cause the reaction product formed
from conventional reactive adhesive composiiions to be
zrittle and more susceptible to stress cracking. 1In
contrast, the photocurable feature of the compcsiticns of
this Invention allcw the parts to become fixtured quickly,

25 thereby permitting the conventional anionic-initiated
cyanoacrylate cure mechanism to occur without fear of
ccmpromising the integrity of the bond formed.

' Also, with respect to masks, anesthesia, face and
surgical masks are but a few examples of eguipment worn by

30 providers of medical services, which may be manufactured
with the composition of this invention.

" And, with respect to catheters, angioplast and
balloon-type catheters are but a few examples of types of
catheters, which may be manufactured with the compositions

35 of this invention.

Of course, other applications for the compositions

of the present invention exist beyond those specifically

exemplified above and are contemplated within the scope



opportunities. 25 For instance, a variezy of equipnent for the
medi cal | nstoBryeoBY be manufactured using the inventive co ositions,
including, but not limted to, needles, tubesets, nmasks andPCHURBYBPY. wth
resnect to needles, syringes, lancets, 30 hypodermics, injectors, bodily
fluid (such as bl ood or uri ne) collectar sets, cannula/hub assenbl i es and
cannul a/ tube assenblies, such as thosé to be used in connection with

di al ysi s \% 2Sses. arembut a few exanpl es of needles for the nedical

i ndustry Ty B WA actr éﬁ"Bg*m'Mﬁtlh“@hecﬁbﬁmda.ﬂﬁgOfovt his

i nvent i ond: @n@fa‘vd:y; ~p Il dahe comnuhact Qfgapf nged] s .90, 4 h(‘étl a_cannula is
inserted pLHean @aydiy,]vmst? a_hub, andﬁl s.to be affixed therei n,
di spensi ng_a_ pre-det ermne “aRBURE ofT POl SETErRACion stovage;

PCT/ US98/ 03819+ 352297 iamFreAtRvectonposi doonswantbvs Wlj=ects Rathe assenbly
to W radhatiomat liowbonagdl ek thxatigg-whigh mill, cyre. through the shadow
area by the .or.dinar “tygh ancacryl ate anjonic Cure mechanism to a

full-strengt h' ‘b*o'nd Wi “28 RotPs® '%reove?"a%%%qeesvpééltlnt ohehose needl e

assenbl i esSwhih mlatl"’@el Rgteanpey greod Ak ch pLEWi deﬁécﬁ’ﬂp t he

i nventive! __gﬂ_posﬁlmc.%y_ be phaced.at the juncture between the cap and the
i %a{ n‘addnﬁlo‘t{“\ﬁt“h *&Spect to

colllar |cpay4‘u gl aced’ a_hu
t ubesets, 1'n ravenou§ fO “gets: Q'f?%u%P’dé??}tv?@r’ykwd-\mﬁhdpam@évsets (such
as diPug RIS3FETYyy distebkaad, Wit hels @vednsot:s ANt sycli epztuhes are but a few

exanpl es xfnddiheetas ohor «Ehe grdical industry which may Dbe manufacture with
the conpgsi.tian of thi's |n\9/gnt|%naiﬁ‘n sucﬁ?c%/nstarr?@&§ Lfubésets and

connector‘sa““na“y 68 Fytengssenbretisi tand Rrdansenit vesdonpusi-Ei ons by
i nserti ng Joweagnyd 26, the7i ubfag vt the ARRAORN; Kt goqlguslpgﬁ of a.,

ccnnect ofbe ARIsdiiRgthe Use of a aprl ner cc%rrpqlm tlsgnml S
pelis © e z empe.s Y ==

JL

+= )

attaching the spider (which zligns the voice coil to the

[,

n
\l

LQ

net) to the frame, attaching the surrcund (which is

9]

onnected to the case) to the frame, tacking the lead wireg,
attaching the dust cap to the cone, and attaching the voico
coil to the spider and the ccne; lens bonding applicaticns

20 applications where kFlooming and crazi ng would be
aesthetically unacc eptables from a commercizl persnective,
such as in jewelry fabricaticn and repair applicaticrns where
use cI a thick fillet of cured material (such as a reac-ion

ot o f . . - .
procuct of the inventive compositions) would be desirabls

[ 9]
n

for structural mounting; electronic potting applications;
and other applications where it would be desirablie to
obviate the need for the use of & primer material (which may
be costly, contain an czone-depleting material and/or may

complicate the assembly process), for instance, the

30 F e m 1 1 1
Iastening of electronic wire tacking, and the like.
Also, electronic applications where outgassing is
& conventional recurring problem may employ the photocurable
compositions of this invention to decrease the heating time
reguired to obtain a fully- i £
. ly-cured reaction product of the

composition, thereby decreasing outgassing which may occur.
While the present invention has been exemplified
as shown above, it is clear that variations are also

intended to be within the spirit and scope of the present



particularly attractive since solvents used in conventional 20 pri mer
conposi tiwesagykocause the reaction product fornmed from coRCEFAISIGNEBN
réactive adhesive conpositions to be brittle and nore susceptible to stress
cracking. In contrast, the photocurable feature of the conpositions of
this invention allow the parts to be@ywe fixtured quickly, 25 t her eby
permtting the conventional anionic-initiated cyanoacrylate cure nmechani sm
to occur ;Wi thout feas of, COrmam.SING the integtity Qéré\bﬂ:z?oﬂl%ézﬁ)rm?d-

Al 'so, with respéct to nmasks, ‘anesthesi a, face and surgical nasks are but a
few exanphe¥ ®PUeHuf pnERthSOrn By Boiue pegPEders ok tavdi cal™$er vi ces, which
may be naaufacturedamktdodhe comosHdar ohcthice Enveabion. i Angkt With
respect tg catheters, angioplast and balloon-type.catheters are but a few
exanpl es “BFPTypes” of “athet ei'E wHiTIT may’ 68 wanufact tred With the

conpdsi t reAs186 chpfined stygwertd ipcvef scourses ot hercappribat ioms: for the
conposi t L,ansz0f chhezREesent+4 e i-on exist ibexond:t hgsg=specifically
exenplified above and are contenplated w thin the scope WO 98/ 38260

PCT/ US98FB38T855882 PRer 0™ i'HeiUtiTig,YBut not linited to, silk screening
or disc drive application hol ographic applications where a phase hol ogram
is perpared for optical infornrationt storage nagnetic sensor applicatiors
for door/w ndow al arns where the magnet is bonded to the sensor housing
using the inventive conpositions so that the dead space within the housing
is filled; attachi ng gauge needles to support posts (e.g)in autonotive
applications) ; bonding together cardboard holding cartridges for

batteries; |oud speaker 10 assenbly [see e.g. , in the context of
Lootite "PRISM Adhesive 4204, "Beyond a Sinple Bond -- Benefits of

Adhesi ves Extend to Product and Process", Design News (January 20, 1997)]
for which the inventiive conpositions may



be used in at |east five aspects of the assenbly 15 attaching the spider
(whi ch al 'glg,@,azf]z@@ voice coil to the magnet) to the frane, @tfpsdriRgst he
surround‘t(vvhi ch Is connected to the case) to the frame, tacking the |ead
W res, attaching the dust cap to the cone, and attaching the voice coil to
t he spider and the cone; |ens bondin ngpl i cations; Im LIRabd,Qns where
bl oomi ng and crazing would be aesthetically unaccepl[ ,memﬂﬂ rcial
perspective, such as in jewelry fabrication and repalr ‘pplieats wher e
use of d&aHicle fiEiagsokseured material (such as a reaction product of the
inventive conpositions) would be. desjrable 25 for structural nounting;

el ectroni c potting applications’™~ and other applications where it woul d be
desirable to obviate t(he¢ needcfotcidteslise aforacprt:aer material (which may
be costly, contain an.,gzone:depl et Jmterj.al_ .and/ qr .may conplicate the
assenbl y process), for‘”?nst‘én‘é\éfﬁh%?%‘@ %ﬂfgotnéﬁ‘l“hgg%f‘ el ectronic wire
tacking, and the |ike.(CAl so2 @leed¥ohi € BPplIT@EGAS -where outgassing is a
conventional recurring problem may enpl oy the photocurabl e conpositions of
this invention to _decrease the heating tine required to obtain a
fully-cured reacti‘on proGuEt™of the"35~“Tompositi onZFhér eby=tecr easi ng
out gassi ¥ Wi sch sney ~goeul z 1Yl Y es f hecpresentcuniverdt tor has been

exenpl i fhed as..shewn-abauer nbi: i 8ocheds.t hat Mariatl ers-aresal so-j nt ended
to be within the spirit and scope of the present WO 98/ 38260 ~

PCT/ US987Xf38 9 =8P XS “AvEnEFoh“ane ray~ e préctited in accordance herewith,
with only routine, rather than undue, experinentation.Any variations and
equi val ents shoul d prowvide. suitable, if.not. conparable resylis,:when
viewed in connecti'on with the'results obtaitied fromthe above exanpl es.
Accor di ngty, < ST FarFati SATTCANECequT valteht & dNetaEsarFAEENERAST® be
enconpassosh-dne-cl=d e wibLh hol J@Wr, wherein R is selected frow

the group consisting of C,... alkyl, alkoxyalkyi, cycloalkyl,

alkenyil, aralkyl, aryl, allyl and hzloalky: groups.

4. The composition according te Claim 1, wherein
he cyanocacrylate mcnomer is selected from the group
consisting cf methyl cyancacrylate, ethyl-2-cyancacrylate,

prcpyl cyancacrylates, butyl cyanoacrylates, cctyl
n

cyancacrylates, allyi-Z-cyancacryiate, R-methoxyethyl-2-
cyanoacrylate and combinaticns thereof.

5. The compssiticn according to Claim 1, wherein
the cyanoacrylate meoncmex is ethyli-2-cyanoacrylate.

6. The composition accerding te Claim 1, wherein

the metallocene compcnent includes materials within the

following structure:
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LC- 301/ PCT - 33- imed Is: 1. A conposi tion
conpri si ngo ogAkr60 2-cyanoaﬁ ﬁﬁ M , (b) a net gcirasesessiy
conponent, and (c) a photo LOT m nt. 2. The conposition =

according to Caim1, which includes a polynerizingly effective anount of
the photoinitiator conponent to rendgig_it capable of photocuring upon
exposure to el ectromagnetic radiation. 3. The conposition according to
Claim1, wherein_ the cyanoacryl ate conponent includes a cyanoacrylate
nononer Fep¥esented iy “HITEC(TNWOAMR  sffdr ePFeROPs €88l et oM t he group
consisting ofChets] alkyds..alkoxyal kyl, yeyclealkyl, -alkenyl,.aral kyl,

aryl, al 'yl “and hal oal kyl groups. 4. . "The conposition according to Caim
1, wher e?g:Fh%"*é?&?ﬁ%a‘&’f@?‘&?‘?‘ﬁﬁﬁtﬁeraii"s}’*sé?F’é"*éFéauF‘ﬁ-Brﬁ’-i“ﬁ"e‘%r%*l}b"‘ consi sti ng
of net hykocyanoacs ytaties;: etdys 2-=cpandacryihalie, =piopyl nefanodcr yl at es,

butyl cyanoacryl ates,...qctyl cyanoacryl ates, allyl.-2-cyanoacryl ate,

[err]- met‘ﬁbg“fé lﬁw - ?""g)"/‘aﬁ‘()ac%'/‘yT‘aei*é‘ éh&%or‘fbi at i‘()‘ﬁs“gtxher‘véo‘f%‘(“S. The
conposi t keAzaceor difg 4ol aj m-Lcwher®ior, | heneyangacd ate r@noner is

et hyl - 2-cyanoacryl ate. 6. The conposition according to Claim1, wherein

t he net akhdesnt ednponermIndudes maleiitalts awkt Ri madhdef &l dwiing

structurg. .[eLl] ory s VMR O8/ 38260 . - o s chain alive constisusns Hacd4598/ 03819
- 39- vvheir%céi’ n“Rlerr] and R[%rsr‘]“ ey occur Tt Il'e'5§t “ohce on %éd%%nﬁ may be
t he saneiopndifterapeuantl raspde asaltect ed GHeom Hieerdirany Stavaibght - or -
branched-chain__al kyl .Pclggsvt_irt ent ga%iongbf0§1%m81 t_QFQBOI_JLﬁ

n -l hal e~ R Qa;rhl%%r_! at OITB ,
. ] HESRORIs IRl ihab o IR g Tentce CL (830 wagYelin
acetyl; ¥Pny{r&FFyl T hydF oxyi= '

n may be an integer Iin the rzngs of 1 to zbout B and R, may

be any straight- cr branched-chain alkyl comstitusnt having

Ircm 1 to about § carpbon atoms; and - (CH,) . -W (CH,}; X7,

wherein n may be zn integer in the range ci 1 to about § zand

X mayv be selected frowm C1l°, Br", I, Cl0, and EBF. ;

Y, and Y, may or may not be present, but when
present at least once may be the same or different and may
be selected Zrom H, C1l°, Br", I, cyano, methoxy, acetyl,
hydroxy, nitro, trizlkylamines, triaryaminess,
trialkylphospines, tripnenylamine, and tosyi;

A and A' may be the same or different and may be C
or N;

m and m' may be the same or different and may be 1

M., is selected from Fe, Ti, Ru, Cz, Ni, Cxr, Cu,
Mn, Pd, Ag, Rh, Pt, Zr, Hf, Nb, V and NMo.
7. The composition according to Claim 1, wherein

the metallocene component includes materials within the

following structure:



carboxyl; -(CHerr])[err] -OH wherein may be an integer in the range of 1
to about 8. (CHerr])[err]-COOR err]-, wherein n may be an | hadB the
range of quﬁf’[:%out 8 and R err] may be H, Li; Na; any sli(fr}itfg%?(%érlgbr:anded
-chain alkyl constituent having from1 to about 8 carbon atons;
-(CHerr])[err], whererinn my be an integer in the range of 2 to about

8, - (CHerr])[err]-ORerr] wherein hé‘?r‘ay be an integ m lto
about 8 and R err] may be any straight- or branched-inm“” ﬂmﬁmwm uent
having from1 to about 8 carbon atons; and - A
(CHerr])[err]-Nerr](CH err])[err] X wherein n may be integer in the range
of 1 to about 8a and X may be selected from Cdferr], Br[err], I[err],
ClO[err] and BF[err], Y[err] and ent]l _nmay-or may not be present, but
when present at |east once may be _ﬁ’siarre of di fferent and nmay be sel ected
fromH dJerr], Br[err], I[err], cyafio, nethoxy, acetyl, hydroxy, nitro,
trial kylam nes, triaryam nes, trial kyl phospi nes, triphenylam ne, and tosyl;
A and Alerr] may be the sane or diffé&kent and may be Cor Ny mand m nmay
be the sane or different and nay be or 2; and Me is selected fromFe, Ti,
Ru, Co, N, C, Cu, M, Pd, Ag, Rh, P Zr, Hf, Nb, V and M. 7. The
conposition according to Caiml, ‘;@? n_the netal | ocene conponent
includes materials within the foll owifg strulRure: WO 98/ 38260

PCT/ US98/ 03819 -40- [err] wherein Rerr] and R err] may be the sanme or
different, and each is a nenber selected fromthe group consisting of H,
any straight- or branched-chain al kyl constituent having fromto about 8
carbon alobs:iacet ¥yida N mdy cal kyk; shydr oxydis sardoxyland eedhere] x[err] - OH,
wherein n may be an integer in the range of 1 to about 8;

- (CH[ er rTT-er¥ |2CEREE -FO™WhefePRCHP naY” be” a9 iittedger 27 the range of 1 to
about 8 antkRlers Jormayabehadychain alkyl comstituent having from 1

to zbout 8 carbon atoms, acetyl; vinyl; allvl; hydroxyl;
carkoxyl; -(CH,),-0H, wherein n may be an integer in the

range cf 1 <o about 8; - {CH,),-COOR,, wherein n may be an
integer in the range cf 1 to sbout 8 and R, may be any
straight- oxr branched-chain alkyl ccnstituent having from 1
to abcut 8 carbon atoms, E, Li, Na, or -(CH,).., whereirn n'
may ke an integer in the range of 2 to about 8; -{CH,).-OR,,
wherein n may be an integer in the range of 1 to about 8 and
R, may be any straight- or branched-chain alkvl ccnstituent
having from 1 to about 8 carbon atoms; and - (CH,),.-N"(CH,),
X", wherein n may be an integer in the range o5f 1 to about 8
and X is a member selected from the group consisting of Cl7,
Br', I°, Cl0,” and BF,; and

M, is selected from the group consisting cf Fe,

7i, Ru, «Cc, Ni, Cr, Zr, Ef, Nb, V and Mo.

8. The compesition according to Claim 6, wherein
M, is selected from the group consisting of Ti, Cr, Cu, Mn,

Ag, Zx, Hf and Mo.

9. The composition according to Claim 1, wherein
the metallocene component includes materials within the



straight- or branched-chain al kyl constituent having from1l to about 8
carbon atwowgi3sdeoli, Na, or -(CHerr])[err], wherein n' nayCBAISARI0IBT eger
in the range of 2 to about 8; -(CHerr])[err]-ORerr], wherein n nay bé an
integer in the range of 1 to about 8 and R err] may be any straight- or
branched-chai n al kyl constituent havang from1l to about 8 carbon atons; and

-(CHerr])[err]-N (CHerr])[err] Xerr], wherein n may”l t he
range ofc L to al uL,.% apd_X is a menber selected from mﬁmumnﬁm“im ng
of Olerr], Brier (ferr], d O[err] and BF[err]-; and I\/b ils ge

fromthe group con5|st|ng of Fe, Ti, Ru, Co, N, Cr, Zr, , Nb, V and M.
B. The conposition according %o /alhm 6, wherein M i s sel ected fromthe
group consisting of Ti, Cr, Ag, Zr, Hf and M. 9. The conposition
according to Caim1, whereint tal | ocene conponent includes materials

/\

within the WD 98/ 38260 A .
PCT/ US98/ 03819 -41- foll ow ng truét\ure: &rlr] wherein R err] and R err]
may occur at |east once on each ringpdmy be the sane or diferent and may

be sel ected fromH any straigntn~or branched-chai n al kyl constituent
having from 1l to about 8 carb ons; atetyl vinyl; allyl; hydroxyl;
carboxyl; -(CHerr])[err]-OH Swhgpein n may2be an integer in the range of 1
to about 8; -(CHerr])[err]-€OOR exr], wherein n nay be an integer in the
range of 1 to about 8 and R err] rra3°72be H, Li; Na; any straight- or
branched-chai n al kyl constituent having from| to about 8 carbon atons;
-(CH err]) L 1}_] Wherein n _nmay be_an |r‘1teger in the range .of 2 to about 8;

- (cH er rHT% TORFBYr T2 e P&t nShayShe" aﬂnfnt‘e*geﬁ‘acin“t‘ﬁlé rdfige of 1 to

ﬁbout 8fh':motﬂ @ai”r]ebll‘&y\.bﬂ;.éﬂﬁdsté%g'hiy B¢ b paehed-ohad m;akkyl constituent
avi ng romltoao ar.bon_at ons e e

-(CH er r‘]ﬁ ‘ﬂ’] ?'Drr]a(‘&ﬁﬁarﬁ ﬂ‘er?]‘hff COMRT BT n%“;} e ancmnt‘eger in

t he range sfbolitt ¢ m@p‘%aanmcx aagtbei selwyl e ¥rom GySrcBy<L; | -
Clo[err]caﬁggkﬁy:[erﬁi{) -CH, wherein n may be an Integer in the

range of 1 to about 8; -{(CH;).-COOR,, wherein nn may be an

integer in the range cf 1 tc about 8 and R, may be H; Li;

Na; any straight- or branched-chain alkyl constituent having
from I to about 8 carbon atoms; -(CH,), , wherein n' wmay ke
an integer in the range cf 2 to about 8; -(CH,),-OR,, wherein
n may be an integer in the range of 1 to about 8 and R, may
be any straight- or branched-chain alkyl constituent having
from 1 to about 8 carbon atoms; and - (CH,),-N"(CH,), X,
wherein n may be an integer in the range of 1 to about 8 and
X may be selected from Cl°, Br’, I, Cl0,” and BF, ;

Y, and Y, may or may not be present, but when
present at least once may be the same or different and may
be selected from H, C1l°, Br", I°, cyano, methoxy, acetyl,
hydroxy,fnitro, trialkylamines, triaryamines,
trialkylphospines, triphenylamine, and tosyl;

A and A' may be the same or different and may be C
or N;

m and m' may be the same or different and may be 1
or 2; and



Y[err] and Y[err] may or may nQ r H t when present at |east once
may be the or different aU“ ﬁﬁﬂﬁﬂ[ﬁ d fromH, S = L) -,
cyano, n&l’%gé&?soacetyl , hydr ox ,l o 'Kyl am nes, t%cai;/tfl?r?io?lselsb, -

trial kyl phospi nes, triphenylam ne, and tosyl; A and A nay be the sane or
different and may be C or NN mand mmy be the sane or different and may
be 1 or 2; and WD 98/ 38260 -42- PCT/ US98/ 03819
-42- Me is selected from Fe, Ti, Ti, Ru, Co,Ni ,Cr, Cu, M,Pd, Ag, Rh, Pt, Zr,
Nb, V and Mb. 10. ¥, The samrosid ifam-acer,odingrut ocl arim Cwhenein R err] and
Rlerr] are each H Y ergl apd Y[err] each {; A and A are each N, and m
are each™; #nd>®e F& Rferrf<t1+5 PR cCifigtsif-on according to O aim
1,wherein the nmetall ocene is selected fromthe group consisting of diaryl
phosphi no et al - coppl exed bissalkyl fersccenes, and; Vel ON efrl:00 CH=C

5 o .

(Qerr])-CWerr]][err] “whérein Me i1s selected fromFe, Ti, Ru, , Ni, Cr,
Cu, M, RdzanagR: Riye PRehzEHY; a8 \V:apdeMpacand: Warfd:aWFer EFémay be t he
same or dififerent _and_may. be_sglected fromH and hal ogen. 12). The

conposi tion according to Craim i, Whérei'n the metall ocene conpontent is a
menber selected fromthe group consisting of ferrocenes, titanocenes, and

derivatives and caqnhi nabkoBsxbbeIe0dr ddeordhe ceNMEasikti on aggeeding to

M

Claim1, wherein.the netal locene is_ferracene. 14. The_conpostion

accor di Nyt 0 TP M- “whidr 8FnTThe” phot'0i 1T it or SSiponsnt'©i € sel ected from
t he grouplzansizdcispgoP behgdrofyyctohexisr prreands ketenelk2inet hyl - 1- [ 4-
(et hyl thi.g)pheny | -2 pofehokkboesprepandl-one, Jperzophenoae,

2- benzyl - 2- N, N-di et hyl am no- 1- (4- nor phol i nophenyl ) - 1- but anone,
2, 2- di megshmart<Z ghyenyFe, Ti, Ru, Cc, Xi, Cr, Cu, Mn, P2, Z '

’
e TE ING 7oz MAa e T = e
LY, 2o, NI, v oalld MDD, and W an
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., AT, RO,

o
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12. The compocsition accerding o Cilaim 1, wherein
the metallccene component i1s a member selectzsd from the
group ccnsisting of ferrcocenes, titanocenszs, and derivatives

and combinations thereof.

13. The cowmposition according te Claim L, wherein
the metazllocene is ferrocene
14. The composition according tc Claim 1, wherein

the photoinitiatcr component is selected from the grcup
consisting of l-hydroxycyclohexyl phenyl ke:tone,
2-methyl-1-[4- (methylthio)phenyl] -2-morpholinc propan-1l-one,
benzophenone, 2-benzyl-zZ-N,N-dimethylaminc-1-

(£ -morpholinophenyl) -i-butanone, 2,2-dimethoxy-2-phenyl
acetophencne, kis(2,é6-dimethoxvbenzoyl-2,4-,4-trimethyl
pentyl) phosphine oxide,
2-hydrcxy-2-methyl-1-ghenyl-propan-1-one,
2-hydroxy-2-methyl-1-phenyl-~1l-propane,
2,4,6-trimethylbenzoyldiphenyl -phosphine oxide,
bis(2,4,6--rimethyl benzoyl) phenyl phosphine oxide,
2-hydroxy-2-methyl-1-phenyl-propan-i-one, visible light
[blue] photoinitiators, dl-camphorquincne, alkyl pyruvates,
aryl pyruvates and combinations thereof.



acet ophenone, bis(2, 6-dinetho HI -trimethyl pentyl) 'phosphine
oxi.de, 2- h‘§8r96/>?§2ﬁ§- met hyl -1 - pﬁ mmﬂ“mm"t H ui’e, PCT/US98/03819

2- hydr oxy- 2- et hyl -1 - phenyl - 1- gr opane, # s -
2,4,6-trinmethyl benzoyl di phenyl - phosphi ne oxi de, bis(2,4,6-trinethyl
benzoyl ) phenyl phosphi ne oxide, 2-hydBsexy-2-nethyl-I|-phenyl-propan-I-one,
visible light [blue3 photoinitiators, dl-canphorquinone, alkyl pyruvates,
aryl pyruvates and gonbi-nat LeAsoLher§0f 5 -cor-g43, - 4. The conposition
according.to any ane of dains 1-14, “wherein The Sodrce 6f EFectromagnetic
radi ati on s Sel'ect’ed "fFofrthe” §r dUprednst stiery winagnerdvi okat aki ght ,

vi si be | iightSedlessteror “bearhexzrays, cohnf sared Jadiation and ¢omhinations
thereof:ﬁmgibiEheecapgsgggggvagcgrggngy;pyany,Qne_of_CIaLnB 1-347 ' further

e R o

or: e T " Jzan, YX-rave ) (mirarves yadimtisn ans
conprising a .nenher selected ftom the ‘group consi$tiSig*6f tation and

*

vi scosi t y-Trodi-FyigS 4§EREST rubber toughening agents, thixotropy rendering
agents, thernmal -stabiling agents, and conbinations thereof. 17. The
conposi tion according takgnyﬁggmggﬁ;jgaﬂ s 1-14, wherein the conposition is
useful as _an adhesive, a’sealant~or~d cudiir?¢18° A nerhods of

pol yneri zZI"Ag™& phefoctrabher corpwsidian,a sainbaretzRod ce0RPEL-shng- L he steps
of: (a) grprevidregsanranpent; of 1he pasj:tion according to any one of

1&To3 1Ty~

dainms 1+)14.and.17; _and (b) .. subjecing tHe conposition o &fectromagnetic
radi ati on e?ﬁgﬁf%éeaf%nb%re“T+kfrﬁﬁﬁﬁxﬁ%QQﬂ{ln£9ﬁ§eﬁhé,conposition accor di ng

to any on@cEFa&rarabiliddnambdd n amdne-pakasierautations 20. The
conposition according to Claim2, wherein the cyanoacryl ate conponent
i ncl udes ethyl-2-cygnoaglylate

comptsitlion according to &V cne of
Claim “14 . s =1 X Ao i
—-aims 1-14, whereirn the compositicon is usefed

adresive, a sealan-

i8. A methcd of polymerizing a photocurable
compesition, said method comprising the steps of:

(a) providing an amount of ithe composition

accerding to any one of Claims 1-14 and 17;
r

and

{(b) sukbiecting the composition to

electromagnetic radiation effective to cure

the composition.

29. The composition according to any one of
a

Claims 1-14 and 17 in cne-part formulation.

20. The composition accoraing to Claim 2, wherein

t ~ 4+~ F \ 3
he cyanocacrylate component includes ethyl-2-cyanocacrylate

which is present in an amount within the range of about
97.9% by weight to about 55.4% by weight of the total

c L N . Doz
omposition, the metallocene component 1s ferrocene which is

rese . s ; -
present 1n an amount cf aboutr 0.1% by weight of the total

com iti a initi i
position, and the photoinitiator component includes the

combination of bis(2,E-dimethoxybenzoyl—z,4—,4—trimethyl)

pentyl phosphine oxide and

2—hydroxy—z—methyl—l-phenyl—propan—l—one which is present in



which is present in an armun“l &m“mmlﬂme of about 97.9% by weight to
about 99. 4% ight of the m the rretallw onent
is ferro p’%’/(\ﬁ%m@ is present *i ntan afouit tf about 0. 1% by m@é%ﬁgﬂgf -t-he

t ot al corrp05| tion, and the photoinitiator conmponent includes the

conmbi nati on of bi s(2 g- di met hoxybenzpyl - 2, 4-, 4-trinethyl) pentyl phosphine
oxi de and 2- hydr oxy-2-net hyl - 1- phenyl = pr opan- 1 one which is present in

WD 98/ 38260 _ PCT/ US98/ 03819 -44- an
anount i kTt REGUETge Fof-RabdaRIe. 508 aoltt SXUABY-RerghtofveHent ot al
conposi tigon.«rdl.-sthe ecenpesttisen according to Caim2 wherein the
cyanoacrvl ate conponent includes: ethyl-2-cyanoacrylate which is presert in
an amount within the range of about 98. 715%to about 98. 75% by wei ght of
the total conpositin afideBFpereiitiramarmuirancthichathe r angerofn about

0. 04% t 0 .ahoUt, 0. 375% by cWehgho9ir it hen QA CIMQSLbL oY, Lhe-wpLald ocene
component .Is ferrocene which 1s present, in _an am)unt of _about” 0. 02% by

wei ght  of "t 6t &FSE6rposTt FONP AN 11 Fhotts FPCESt BF &B¥ponent i ncl udes
t he ccnbigrati:®s ab bis(2, 63 drﬂ%thyaxvyé)mwo;d:- *&- ekl oetchbds eyl

phosphi ne, _oxide and_2-h thyl - 1-phenyl- propane-d-one which is
present if af andunt X%‘bout f ‘Znab"ewéf‘g % g e~ otal” corposition. 22.
A reacti Qarbcprtodjuc:rsf‘/or:rredoﬁmm phe:eonpesd it |mmcmﬁdr.ngth@ any one of

el Qsj tion Lo elect ro_rragnetl o

radi ati on eTTective to cuf'é“fhe c‘b“rr‘p‘osfh on. 23. “SAn-article assenbl ed with
a conposiaiomacdordicng folanyPvnee IR TIH] sl tPralafgdm™29sP1io%el ect ed from

t he groura@w-swhngo@h_aegd&es oydhdigeSindianeet shehypRdersi €&, dij ectors,

bodi ly fl ui d I £ctor seiD cannulg/ huh assenbl.ies, cannul a/ {ube
assenbl i 6&,° SEESTOIRPTATRNOUS Bet's, FT U d del FYEFY - ahd™ Tt Haf aval
sets, cx_“c ado 2-hyaroxy-2- ﬂa_nw‘—|—pn°n¢'—“*“ an-l-cne which is
present in an amount of about 1.2% by weight of the total
omposSiticn.
22. A reaction product formed from the

composition according to any one of Claims 1-17 and 19-21
the composition to electromagnetic radiation

ure the composition.

1!

23. An article assembled with = composition
according o any one ci Claims 1-17, and 19-21, selectad
from the group consisting of needles, syringes, lancets,
hypodermics, injectors, bodily fluid collector sets,
cannula/hur assemblies, cannula/tube assemblies, tube sets,
intravenous sets, fluid delivery and withdrawal sets,
sucticn tubes, anesthesia masks, face masks, surgical masks,
angioplast catheters, bkalloon catheters, disc drives,
magnetic sensors, battery helding cartridges, loud speakers,

phase holograms, lenses and jewelry.

24. A method of using a composition according to
any one of Claims 1-17 and 19-21, to manufacture an article
selected from the group consisting of needles, syringes,
lancets, hypodermics, injectors, bodily fluid collectoxr

sets, cannula/hub assemblies, cannula/tube assemblies, tube



suction tubes, anesthesia mas rgical masks, angi opl ast
cat het er.syolabkkzson cat heters, jmmﬂ]ﬂ Im ILM eti c sensor ECTRIOS/BIBYY
hol di ng cartridges, |oud speakers c p ase egrans, |enses and jewel ry:r 24.
A nmet hod of using a conposition according to any one of Clains 1-17 and
19-21, to manufacture an article seleased fromthe group consisting of
needl es, syringes, |ancets, hypodermcs, injectors, bodily fluid collector
set s, cannl /h §7erm « cannul a/ ub _Asse |e&,ﬁ,§u;b et s
PCT/ US98/ O 819 {%3‘() Cllé SRR BURE 24 ﬂpj Set’s, i n%rwavsenous set s,
flui d del $verjcandRit hdamalc§éfisr ‘=§U§t|eﬂ“—‘?db%'°§- AfSEHESila TRESRs, face
masks, SUé@tQ@b'i’@Sl@t_rﬁﬁt@l‘@pl ast 1eakhetenszeba) | Do aatihetsers, disc
drives, magneél C.sensors, Leré po | di ng ggr,’gljgcges, 1I oud sapezzlkers phase
hol ogr ans™ T &nses ant Te"v(el‘" "2 “HetRod™of* Ut hy 4 conposi tion
accor di ng?t®~an‘3f{ﬂmm~ Cllgiywes12t? apdelddv21, to repair an article
sel ected fromthe group consisting of needles, syringes, |ancets,
hypodermnics, injectors, bodily fI UI d col l ector sets, cannul a/.hub
assenbl i es, cannul @tubd FSSEMD PEsISEBe® sEPEROT Htr Wy GGG EEFs FOf | ui d
delivery amg wv¢ holt sdladinsetisi7sacti 0A-tubess amesihesi amdske, face nmasks,
surgi cal pmsks,.angigplast catheters, ba 5005\ catheters,  disc drives,
magneti c se"nsors yattery Hol d‘ng cartri Ioud' eakers “phase
hol ogr amsw‘l“é%s%s P GeWelSy . 2P8ECAHBt h 6 ﬁ'f ust a%ﬁ@~ﬁ&?”t conposi tion
accor di ngsé‘D:,CIc&i*fﬁLJ-% imud hesassenbky ehnaniayiied &s&aw‘:ﬁ iefsdi Rakiel y woul d
be assenbl ed_ by. a,p ylnn,g OnLo a sqbstrgtafi,a pri ner, . fol]owed hy. %n adhesi ve
COMposi tion - 27 The co“r?‘p”05| ti-6n-accor ding. a&i M6 ="t7%r “I9° ' havi ng a
Vi SCosi t ySwEtHeH THe s ange sehesheuragkso é@@ﬂtmdﬁ%pSﬁ»%.Ca‘Ehe\a@cmpos| tion
accordi Ng:10: Lhaddn 1okl Ols, 19a1ha%hngz an¥i s69sid e WM & he range of
about 100 to . . ..

magnetic sensors, battery nholdirng cartridges, loud speakers,

phase holograms, lenses and jewelry.

26. A method of using a one-part composition
according to Claim 13 in the assembly of an article which
ordinarily would be assembled by applying ontc a substrate a

primer, followed by an adhesive compositicn.

27. The compositiocn according to Claim 16, 17 or

I._l

9, having a viscosity within the range o about 1 to about

l_.l
n

Cps.

28. The composition according to Claim 16, 17 or
19, having a viscosity within the range of about 100 to

about 300 cps.

29. The compesiticn according to Claim 16, 17 or
18, having a viscosity within the range of about 600 to
about 1000 c¢ps.

30. The composition according to Claim 26, for
use 1in the manufacture of articles using a wicking

application.
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about 300 cps. 29. The conposi t| Claim16, 17 or 19, having
a Vi scosi : n the range of Eﬂmﬂl” ﬂij mﬁut 1000 Clre Gg’glg
conposi ti"%‘%g%%gdr ding to d ai m , cf e manuf act ure of articles

using a w cking application. WD 98/ 38260

PCT/ US98/ 03819 -46 - 32. The corrposit;rgn according to Claim27 for use in
the manufacture of articles having nolded polymeric parts To be bonded

t oget her 32. The corrp05|t| on according to Claim?28,for use in the
maunfacture of arti’dl-e R&FnFAGFPOT DURD SEARATHEESS can@F8imsubstiates with
gaos greaiss hanreaheut:f@-buptl :5 {herebat welnin: mollded polymeric

D bt — —— = . +- =
parts to be ponced togsthelr.

- - X - IR N A 2~ - - o
ches The composition according to Cizim 28, for
- PR Y . =y - - B -~ - - -
s2 in the manufacture of articles navinz porous substrates
- - e — - —_ -— - - g i}
and/cxr substrates with gaps greater than zbcuf 0.3 mils



