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conpositions used for making ene-thiol elastoners and cured ene-thi ol

el astoner@dmgg”t,herefrom Back r&oundof the Invention 10 El ectronic

circuits must pe protected from exposure to harsh corrosi FETE$B8hnent s
to maintain the performance of the electronic device. Many el ectronic
circuits are used in environments where they are exposed to corrosive

| i quids. For exanple, adhesives and encapsul ants used to assenble ink jet
cartridges nUStdﬁégbﬁéégl flexible circuit that controls the ink jet
head from expos S FE JAKIN E A EOMMBRENcapsul ant s
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circuit. Ther settingvéﬁsins frequentl|ly epoxy resins, are used to protect

circuits from EJPYSE gRvioy €Qmpaspinny uptskfionmakiag enethiek elastomers
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chl oride ion, which are requentFy present in epoxy resins, pronote the
corrosion of circuits. Epoxy networks arc somewhat hydrophilic and swell in

aqueous vironnents because of the secondary al cohols produced in the
curing r%@g‘iﬂéﬁéﬂﬂﬂéﬂwrks are frequently difficult to fully cure in
theyg i me/ t empgfi gl idhie & ' f l.ectronic uf.act uring processes.
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Thermosetting resins, frequently epoxy resins, are used to prolect circuits from
corrostve environments. Epoxy resins have several characteristics that limit their ability to
20 perform well. Traces of chloride ion, which are frequently present in epoxy resins,
promote the corrosion of circuits. Epoxy networks arc somewhat hydrophilic and swell in
aqueous environments because of the secondary alcohols produced in the curing reaction.
Epoxy networks are frequently difficult to fully cure in the time/temperature constraints of
electronic manufacturing processes. Unreacted epoxy groups are prone to hydrolysis,
25 forming glycols, which further decreases the water resistance of the network. These epoxy
characteristics limit their use as adhesives and encapsulants in corrosive environments.
Many combinations of polyfunctional olefins and mercaptans have been used to
prepare ene-thiol networks. While many monomers have very attractive process
characteristics (low viscosity and rapid UV curing), they do not provide networks having
30 the requisite environmental resistance to withstand highly corrosive aqueous
environments. Polyether dimercaptans are frequently used in ene-thiol compositions.
These monomers introduce hydrophilic units to the cured network, resulting in excessive

swelling in aqueous environments. Multifunctional mercaptoacetates and propionates are



O her commonly used thiol nmononers. In addition to their hydrophilic
character, the ester |I|inkage introduces a site for hydrolysis and negnﬁg¥m3
degradation. Summary of the Invention 5 In one aspect, the invention

provi des a curable conposition for making an ene-thiol elastorner
conprising a mxture of a polythiol, or a mxture of polythiols, having at

| east two thiol groups and free of hydrophilic groups, and an aromatic,

het er ocy @t commophyaisee thighmorgreqraaln gsidaiondo pladiyleeorialié olpracter| dasstert wo
reactive t. £ bon arbon bonds,. wherein the conposition in

cur ed forhrlj!rllﬁ ]éﬁg‘?u%grserggléedﬁﬁr#S’gmgyéﬁf'lngé'ﬁ[wd]frfg%grﬁgﬁ“tog by wei ght 10 water and
4 parts by weight n-butanol, shows a weight increase of not nore than 4

wei ght percent, preferably, not nore than 3 weight percent, and nore
preferabl§£mﬂnuum5hehnﬂammz2.5 wei ght percent in 15 days at a tenperature
| n anot her .aspect, i nvention provides a curable
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having two thiol groups and first” polyene or m enes havi ng

two reactwoghiochgatpsraiddoeodbdopbitic gariperanb@ndsomaid hélgyocgc s alopthid, or

pol yene or .a mxture of polyenes having at |east 5 percent functional
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wei ght percent, preferably, not nore than 3 wei ght percent, and nore 30
pref er ab|P§’,°eWoneEF6? YeRiphfiose Bapdiwright perceninang moneprafeyablntnoy mossihar at ur e of
22 C. 2 e re t 20 wei ght percent, preferably,
not nnregf aﬁggggagﬁgﬁ%Eﬁ%&¥€%§@%¢ﬁ%%§eB?g?égably, not nore than 20 wei ght
percent, and even nore preferably, none of the polythiol used to nmake the
ol i gontr has hydrophilic groups. The first and second polyenes or m xtures
of polyenes nmay be the sane or different. Preferred first polyenes 5

i nglsude divinyl ethers, and cyclic polyenes. Preferred polythiols include
di mér capt odi et hy] sulfide, 1,6-hexanedithiol, and

1, 8-di mer capto- 3, 6-di t hi aoctane. In another aspect, the invention provides
a ene-thiol elastorner conprising the reaction product of a conposition
conprising the reaction product of (a) a thiol

20
In another aspect, the invention provides a curable composition for making an ene-

thiol elastomer comprising a mixture of (a) a thiol tlerminated oligomer comprising the
reaction product of a polythio) having two thiol groups and a first polyene or mixture of
polyenes having two reactive unsaturated carbon to carbon bonds, and (b) a second

25 polyene or a mixture of polyenes having at Jeast 5 percent functional equivalents of
unsaturated carbon to carbon bonds from polyenes having at least three unsaturated carbon
to carbon bonds, wherein the composition in cured form, when immersed in a solution of
96 parts by weight water and 4 parts by weight n-butanol, shows 2 weight increase of not
more than 4 weight percent, preferably, not more than 3 weight percent, and more

30 preferably, not more than 2.5 weight percent in 15 days at a temperature of 22 °C.



term nated ol i gomer conprising the reaction product of a polythiol having
two thiol 10 groups and a first polyene or mixture of polyenes havi ngs K603
reactive unsaturated carbon to carbon bonds and (b) a second pol yene or a
m xture of polyenes having at | east 5 percent functional equival ents of
unsat urated carbon to carbon bonds from pol yencs having at |east three
unsaturated carbon to carbon bonds, wherein the conposition in cured form
when i ner sedGénzrallysedtuhare thanf5096eigiarpesce by pusfirgtily, vanere dna 30 weaghts by
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according to 2003 I'n anot her aspect, the invention
pr ovi desreattentpiddct f Bsintpmenionconpris®E g reheionpeaditci oh(apraodidt of a
conposition conprising the reaction_ product gf (a{r‘ﬂ_(ﬂ t hj ol tler i nat ed
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unsat ur at'ed" carbon to carbon a second polyene or a mxture
of pol yerasirfoa\bionds @id (bpastcdnd ppdiene bt a nivciei cdpalyesephaval gondessiof

unsaturated carbon to carbon bonds from pol yenes hayi at |least three
unsat ur aPEEET: BIsBenal 69w xHeEH bW ratgher %‘%%E’Oéﬁ@-"%‘hﬂgm RA%S%r ners  have

| t3h 16 Efor Bétls MnerbhAhEL ARyl chian 30,

a water t ) t
nor e prﬁ e'?gatllé, ;egs?z]%%%%ﬁ{eg(fgb-mn day at 40 C according to ASTM D814.

10 15 | nfoinhehemsneata) intalvelitiow @i 96 panppyowe gbswaematdvbdaref byregighigi-t he above
ene-thiol 20 elastoners, and an article of manufacture co

: ! risin
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a temperature of 22 °C.

20

In another aspect, the invention provides ene-thiol elastomers comprising the
25 reaction product of a composition comprising a mixture of a polythiol having at least two
thio! groups and free of hydrophilic groups and an aromatic. heterocyclic, aliphatic. or
cycloaliphatic polyene having at least two reactive unsaturated carbon to carbon bonds.

wherein the ene-thiol elastomers have a water vapor transmission rate of less than 50.

preferably Jess than 30, more preferably, less than 20 g-mrn/mz-day at 40 °C according (o

30 ASTM D8l4.



The conpositions of the invention preferably contain a free radical

initiator and nmore preferably, a photoinitiator. As used herein, theﬁququ
"pol ythiols" refers to sinple or conplex organic 25 conpounds whi ch ar
substantially free of disulfide |inkages and have a nmultiplicity of

pendant or termnally positioned -SH functi onal groups per nmol ecul e. As

used herein, the term"free of hydrophilic groups"” when used to describe

pol ythiols neﬁﬂﬁmﬂﬁ'rﬂﬂ&tphﬁ: lﬂeéﬂ?ioq p?éw@&%n@tt}h@felwﬁéﬁﬁrs ’coll?%g{)ﬁ% car bonyl,

carboxylic acid, sulfonic acid |inkages or groups wthin or endant from
t he pol yrehttgin mﬁwmalfecomﬁomomscanlpriwrgiha,rem:hm pedoet'gf¢d)yehes] refers to
sinpl e or conpl.ex species of alkenes having at |east two reactive
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and "tetTafunctional when use <7304 yenes means

pol §it hi olosattawmitrogds s (b) hr eondpalyenk @ik riiRived oOFQVRSs ﬁmngaﬂllmnes havi ng
two, three, and four reactive unsaturated carbon to carbon bonds. 5 The
conposi t PESERD1 Sinctipgal icAYRRlentSP! apgatyaise catbpy 19 @ub@n h@tdslﬁlom pcilmneels t hat can

be uniformy e circui ur actlnlc
radi at i olg leﬂhmqga%“?1 eqﬂlgghfégﬁgd(é%% Ioéﬁ'@é’?%ﬁé‘fls ¥, F{f’ ﬁe ¢ ‘d‘i'i‘ b‘?/ % and
resi st skekla McroiapﬁhQMSﬁﬂismrﬂﬁﬂzr@désts't% 40 prad 861y aRd l}%rBr()Oﬁ]'oY@ conponent s
of inks. One of the unique properties of the ene- FhIO el'astoners of the

i nvent i oprefesalilitdess IRarcNBAM Doy 4Dl°exdcbbingto WSTM T3St ance to swel | ing
and degradation by water and corrosive environnents. Brittle thernoset

redPns, such as conventional epoxi es, may provide reasonable resistance to
melllng by corrosive conmponents of inks but are prone to cracking when
used on a flexible circuit. The resulting cracks then provide a path for
the <corrosive liquid to penetrate the coating and corrode the substrate.
Low Tg epoxies, 15 acrylates, urethanes or other clasiontric thernosetting
resins, which are flexible and resist cracking, are generally prone to
degradation by these corrosive liquids. The ene-thiol elastoners of the

i nvention provide the swelling resistance of brittle glassy epoxy resins
wi ih elastoneric flexibility. 20 Detailed Description of the Preferred
Enbodi nents The pol ythiols of the invention have at |east two thiol groups
and are free of

In other aspects, the invention provides a method of making the above ene-thiol
20 clastomers, and an article of manufuacture comprising clectrical or electronic components
encapsulated in a ene-thiol elastomer of the invention.

The compositions of the invention preferably contain a free radical initiator and
more preferably, a photoinitiator.

As used herein, the term * polythiols™ refers 10 simple or complex organic

25 compounds which are substantially free of disulfide linkages and have a multiplicity of
pendant or terminally positioned —SH functional groups per molecule.

As used herein, the term “free of hydrophilic groups™ when used 1o describe
polythiols means polythiols devoid of any ether, ester, hydroxyl. carbonyl, carboxylic acid,
sulfonic acid linkages or groups within or pendant from the polythiol molecule.

30 As used herein, the term * polyene™ refers 1o simple or complex species of alkenes

having at least two reactive unsaturated carbon to carbon bonds per molecule.



hydrophilic groups. Useful polythiols are also substantially free of

di sul fide linkages that would inpart chem cal and/or thernal instabifiNpy 2503
to the crosslinked or cured network. The polythiols may be aliphatic or
aromatic be nononeric or polyneric. Useful HS (CH2 = - - (CH2 25
pol yt hi ol‘gaﬂng he formula: SH g where m= 2 - 12, n = 2%@@5?0/&75:2 0- 4
where mand n can be the sane or different; or the fornula HS-R S-H,
where R= C5 - I L Gara@adieal i 5 0 0/ 68297..,
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al so conwherpiset ecdésoribipolyhicts @it pdlyenesiricns poPRAJIS havirxadPihes, @fd usef ul
pol ythi ol s include dinercaptodiethyl sulfide;, 1,6- hexanedithiol;
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mer capt o%g%l gotnlag 0] - 3- ner capt opr opane;

tetraki s( 7-nercapto-2, 5-dithi aheptyl)nethane; and trithiocyanuric acid.
TheSspol yt hi ol Bhewynieitionssf hk dien®on 48 cemFRyRIW Alcodity Ng@Behapepifrer . Wen
using pol ythiols having two thiol groups, useful polyenés of the invention
may be cyiifosmlyesaaedpnis flexikle ¢irewitryfand repidly eured by akenih sadiastipnaTheeast 5

per cent ' . equi val ent f .unsat.urated carbon to carbon bonds
contri bu{c@ﬂﬁ%@%ﬂhﬂ%&gto A ?{5?"&‘#’?1 @%@et%ﬂégﬁ'ﬁﬁ%ﬁwm EfFmigdhon to carbon
bonds. Rigtakiefbpaie BRS caFRIMRbRDBRES bGinka@l | phatic, or cycloaliphatic
diene, ally] ether, ally) ester, vinyl ether, styryl, (meth)acryl, allyl or
vi nyl  conpouRarsofithe hpigue propesiss of the ens-thi¢lredastonecas 0f e investgruisabed car bon

to,garbo s _pet- nmglecule .Mxtures aof polyenes.. each having two and
thrlge _unésBe{'& 31?% ogg?gﬁflgﬁﬁy twdth_cfgsf’sgl e%%s‘ﬁflﬁagQ?‘iéﬁéﬁ‘f“*'g’és%""“ﬁ? _e‘“ﬁr cl'crred.
Speci fi ccoz2o8ive lefirdndnusd Brittle @lektibset tesths Ssuch h@Zdiendorfll Soxidsi AAE:
2,4,6-triallyloxy-1,3,5-triazine;, 1,4-cyclohexanedi met hanol divinyl ether;
4- vi ny| -Provigdy ssasenakletesistand-te ywelbiog by dpwesive eompatieats lof inkp bttt ptane to

Conbi nat | of . usef ul | yenes al so, be used .in the, co i tions of
the | mve e toel o ARSI i 5P rER e SFR5 me ariocs PHE Fiopos ¢ 1 ons
and el asdopieive 1ighiditb pendiutithe B6atind afd eSrédeqhe MRIRE! LowarTipdkies [ he
conposition of the invention may contain a free radical initiator,

pr & er abiegylaes. urcthancs or other clastomeric thermoselting resins, which are flexible and resist

cracking, are generally prone to degradation by these corrosive liquids. The ene-thiol
elastomers of the invention provide the swelling resistance of brittle glassy epoxy resins

with elastomeric flexibility.

20 Detailed Description of the Preferred Embodiments

The polythiols of the invention have at least two thiol groups and are free of
hydrophilic groups. Useful polythiols are also substantially free of disulfide linkages that
would impart chemical and/or thermal instability to the crosslinked or cured network. The

polythiols may be aliphatic or aromatic and may be monomeric or polymeric. Useful

HS—(CH, )= S——(CH;)%SH
q
25 polythiols have the formula:

wherem=2-12,n=2-12,q=0-4, where m and n can be the same or different; or the

formula H-S-R-§-H, where R= C5 - Cg cycloaliphatic radical.



W active free radical initiator, to cure or crosslink the corrpositiOé:.
Useful free radical initiators which are well known in the art and i®8§0Vd83
the class of free radical initiators are comonly referred to as

"phot oi nivkb@begrsy " A preferred comrercially available freg Joatisa!
initiator, also a photoinitiator, is | RGACURE 651, available from G ba
Specialty Chemicals, Tarrytown, NJ. Alternatively, the conpositions of the
i nvention mayThe Ye olcdintri. and keawandiipnalqol whiokds hise eomtempludd in thet | at or s.

The corrpﬁ%%éni[%"{%n%nthe i nvention are generally made by m xing a

stoi chio fi'c anmount of one or nore polythiols and one or nore pol yenes

i n an appropr §pdcefiyy &asRiles dffs ; : | yidh ol s and

pol yenes, eachﬁ%lavi ng two tﬂﬁis%f?p%ﬂgmbﬂgg? Ll@gtdgeﬁ&gggirl%%ﬂﬂ)%i@ebé% bonds

r espect i hexagedithiolmbyB-dimemapioet, Gdithiabaats; psdpahen [ Raitkiol; goaveis{(2si ng a sub-

stoichiorhetri e amunt,of polyene and then reacting the oligomer with a
pol §ene Wﬁ(?iaﬂlﬁe%%g]%3 'N@?Pafﬁé?%?d@}' Best g-maveapt Gﬁlmm}'ﬂé&ﬁtanﬁh ree

t : ; f | ] | ast oI f
phot of n aancreiubP G TRE papicl by kR Q5o h ROt AR et nic

radi ati oaothed. then stored in the dark for extended periods of time. If

desired, the rrgosj tions of the invention may contain conventional

i nhi bitors to&g’f’ Veme @B&W?Eﬂéwag tva dhiekroaps yssfuaol yeaes efrihe Mventign t he
advant a ' - ] ' Eaby reacting.a sub-. stoi chionetric
amount gl?ﬁ{)glé f/idr{é&%\%%?g)gq{d\%om%%éﬁé cared l%%g%vd?ig %:tdcaég§ Bﬁrﬁerg(fﬂ‘a%’oﬁﬁlt h

poli9t hi cdquinadnngoft wusatbitad catsonup Saibon bbads doaitdhddARRIlyenBaAVige ANedspcr eased
nol ecul 2(5? V\ei%ht_,ﬁ be vacuum devol atilized so to substantially reduce
the obj SOISeRsBPRAISHIFOONdoChRpRboRds: Firefemed polyencyard ksterocyrhie. aliphatia, i ng

ol i gomer ; : . virtue of eir l ecul

ol Ot o DRSS e, YRR CheR PR il cube it Rt Pl ATBABE R g

conpoundsmifeabdchuseg abigactwosrabiee radtve uldiriiedeMBbn @f cafivhibon@dpgaunds
results in cqrrp&@i tion hﬁ,"i ng | ow odor. Anot her advantage of first

pr epar i H§O6FH o wIres of pofyspess each havingawatane threg wnsarratedbcarben igfcarbon

copbi natias rQpeRLKERR b NGk i-fcfer; 15 reactivitics. .For exanple, a
pol ycnc ﬁavi H'g]fnfwo msaﬁ’d‘?g‘;‘%ﬁg‘é&?%ﬁ"‘ﬁ @Eﬂé'ér"fﬁl)lr'lﬁg’dﬁ%él I’%g\}ril‘f{d"‘l g@%

react i vittipng 29, 6erialbdokyt-b3prepane I heyabhan®iimaning dmi?()tlléﬁ%r:(ﬁ-vm?l-y enes

having two and three unsaturated carbon to carbon bonds having relatively
i gh © eakCYPEpens: dr-BiFleRsiagiong: 3nd suallvhpbialotie GmRiBsHans POUSESIM L ho

el ast oNgiolyefkd fiaP Also 'R luked e ERMpISRUANS oBLRSHUTRES. Phe b&?lhii(n.y & 1 on may be

made using a
polyenes are present in the compositions and elastomers of the invention in a

20 stoichiometric amount.
The composition of the invention may contain a free radical initiator, preferably a
UV active free radical initiator, to cure or crosslink the composition. Useful free radical
initiators which are well known in the art and include the class of free radical initiators are
commonly referred to as * photoinitiators.” A preferred commercially available free
25 radicat initiator, also a photoinitiator, is IRGACURE 651, available from Ciba Specialty
Chemucals, Tarrytown, NJ. Allernatively, the compositions of the invention may also
contain thermally activated free radical initiators.
The compositions of the invention are generally made by mixing a stoichiometric
amount of one or more polythiols and one or more polyenes in an appropriate vessel. In
30 the case of reacting polythiols and polyenes, each having two thiol and unsaturated carbon
to carbon bonds respectively, it may be preferable to first form én oligomer using a sub-

stoichiometric amount of polyene and then reacting the oligomer with a polyene having at

-6-



20 -pol ythiol having either three or four thiol groups per nolecule and a

pol ycnc oligonmer terminated with unsaturated carbon to carbon bonds.f§ BTN
pol yene ol igomers can be made fromthe reaction of a polyene having two
unsat ur apRslpwetdon to carbon bonds and a sub- stoi chi onetpgrousooatmt of a
pol yt hi ol having two thiol groups per nolecule. Elastoners can be made by
reacting the polyene oligonmer with polythiols, wherein at |east 5 percent
25 of t hleast ihred ionakratedjctirb@l ©hsbhoatbohd 1©lforins e ceskiti@d lelastficy.t (Tiuol s havi ng
at | east three thiol ﬁrou ps per nol ecule. The conpositions can then be
appl i ed RI9QIREI dshseddhe cayBpangnis maydhe mixadi We absepescefractinic redigtinacndr s, or

oL her el i) ibfflin GRTAANERL AN NGl ikfne Y ENBORE Lot BohGSLI AR beam

radi ati on the "‘conposition ¢C airns a photaoinrti corrp05|t|on

may be Javerrioased doﬂtaﬁm)bnfvexli[mnﬁfznﬁﬁﬁlbftltﬁ pfedehidbbMBaectl eddicas Vi si bl e |ight
UV radiation, but is preferably exposed to UVA (320 to 390 nm or UW

(39% to RPJIBT‘WWUP'&dl ation. Cenerally, the anmount of actinic radiation

shoul d be suf i d . S . 7.6 _NOV, 2003 5 WO

00/ 68297 PC_T|(§I§C&§‘%$%"%"{? %%‘ﬁ’%%’%&“?h%"[’g%@?{ OYEHIPET L he amount of
ener gy rswichimdtr&wmdihgt biIvBBeGing 16 Ensayur@td E41Bor MQFBInBIndSRgRS from
about 0.4 to 20.Q j/cnR2. doss S - Diinercaptodiethyl sulfide

( St r uct tRokythip! hayiee persbagigspps @Asawbc ol:gm—rsiﬁmr@ angipereasg melgouldn | t ochu

B ol B B ydfun R S SR B P el B BRI RIogen,
Spiti al teha@benisialof pbiythiGlBMPhe rdstiliivik @ gorRérs hdve Wirg Rivk OioP Piefdind sy,

HSCZH40C)OC2H400002H48H 7575- 23-7, avail able from Evans Chenetics D vi sion
of Harrps"dﬁ‘\"‘eofcﬁé'ﬁwéﬂcg ar w1 ghnard Jrave ditterodor, QID'OWYTPNﬂWn@tlﬂI%%tﬂfWer capt an

176 hoapaar ik EmARab e SRPOLE b by, TR o TR RIApBPPART o1 o
Cheni calresobesiaoymp@icnSRAGHERIW bdor: %oareDumhhgwfﬂrsphepmi@qsaig@aiasnone
CGHSC@QS that guzc:%%l;lgparanon allows the use of combinations of polyenes baving different
15 reactivitics. For example, a polyene having two unsaturaicd carbon 1o carbon bonds
having low reactivity can be used to prepare the oligomer and a mixture of polyenes
having two and three unsaturated carbon to carbon bonds having relatively high reactivity
can be used to react with the oligomer to form the elastomer.
Alternatively, the ene-thiol elastomers of the invention may be made using a
20 polythiol having either three or four thiol groups per molecule and a polyene oligomer
terminated with unsaturated carbon to carbon bonds. Such polyene oligomers can be made
from the reaction of a polyene having two unsaturated carbon to carbon bonds and a sub-
stoichiometric amount of a polythiol having two thiol groups per molecule. Elastomers
can be made by reacting the polyene oligomer with polythiols, wherein at least 5 percent
25 of the functional equivalents of thiol is provided by polythiols having at least three thiol
groups per molecule.
The compositions can then be applied to the desired substrate, for example,
electrical connectors, or other electrical components and the like, and exposed to electron
beam radiation. If the composition contains a photoinitiator, the composition may be
30 exposed to any form of actinic radiation, such as visible light or UV radiation, but is
preferably exposed to UVA (320 to 390 nm) or UVV (395 to 445 nm) radiation.

Generally, the amount of actinic radiation should be sufficient to form a solid mass that is
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CAS No. 2465042-8, available from G ba Specialty Chemcals. TAIC - Trsﬁi @5\] 03
yl -s-triazine-2,4,6(1 H 3 H SH)-tri one, (Structure 2), CAS No. 1025- @
25 avail able from Al drich Chem cal Conmpany. TAC - Tri ally] oxy-

1,3, 5-triwgleokre7(Structure 3), CAS No. 101-37-1, avail abl rich
Chem cal Conpany. 30 Rapi-Cure CHVE - 1, 4-cycl ohexanedl - mﬁéﬁ%\mlﬁsgi nyl

ether (Structure 4), CAS No. 17351-75-6, available fromInternational

Speci al t)ﬁoPﬂRﬂ}J% the 18udh Mﬁ%@ﬁf‘é’g\%ﬂ%@@%ﬁég? %H% pgr}r%%&éic}@/gﬁpgli?qsom

-4-vinyl -1 -eycl ohexene (Str

Al drich oEhRTheeakiofPRE Fromabe. 2 1 20oct adi ene (Structure 6), CAS
No. 111-78-4, avail aétﬁ% fromAldri C%Eé?}g)ééﬁ cal Conpany. DAP - diallyl

pht hal ate (Structure 7), CAS No. 131-17-9, available from Al drich Chem cal

Conpany. 10 PEGDE - poly(ethylene glycol) divinyl ether (Structure 8), CAS
No. 50856-26-3, available from Al drgyﬂém em cal Conpany. AIBN -

2, 2"~ azobj sj sobutronitrile, CAS No. 78-67-1, available fromAldrich

Cheni cal DMBS ch¥nsrgaptodiethyd suiidel (Steucture HpHEC) H4 3@ HAH, GAS Nol 8578L58. NPAL -
tri s(N-nitroso-N-phenyl hydroxyl am ne)al um num salt, CAS No. 15305-07-4,

avai | abl & #Rdabefioat reshemipesirtyGhemicatinon. 1t is used as it radical

i nhibitor. 20 HS ---"S ----- SH Structure ! 25 J'N Structure 2 N'kN

Structure 3 9 6 NOV 2003
DMDO - 1,8-dimercapto-3,6-dioxooctane, HSCoH40CH40C7H4SH, CAS NO. 14970-

10 87-7, available from Itochu Specialty Chemical Inc.

EBMP - Ethylene bis(3-mercaptopropionate), HSCH4COOC,;H400CCoH4SH, 7575-

23-7, available from Evans Chemetics Division of Hampshire Chemicals.

15 CAPCURE® 3-800 - Trifunctional mercaptan lerminated liquid polymer, available from

Henkel Corporation.

HDT - I,6-hexanedithiol, HSCgH j2SH, CAS No. 1191-43-1, available from Aldrich

Chemical Company.
20

IGRACURE 651 - 2,2-Dimethoxy-2-phenylacetophenone, CeHsCOC(OCH3)7CgHs.
CAS No. 24650-42-8, available from Ciba Specialty Chemicals.

TAIC - Triallyl-s-triazine-2,4,6(1H,3H,5H)-trione, (Structure 2), CAS No. 1025-15-6,
25 available from Aldrich Chemical Company.

TAC - Triallyloxy-1,3,5-triazine, (Structure 3), CAS No. 101-37-1, available from Aldrich

Chemical Company.

30 Rapi-Cure CHVE ~ 1,4-cyclohexanedimethanol diviny! ether (Structure 4), CAS No.

17351-75-6, available from International Specialty Products.
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WO 00/ 68297 PCT/ USOO112732 Structure 4 O Structure 7 5 Structure 5
Structure 6 ~ 4 Structure 8 Oigonmer Preparation A variety of oligonkN§V 200
with different backbone structures were synthesized. DMDS waschosen as a
nonomer ldaigyi ze the anount of ether linkages in the RQacklg nd

maxi m ze%wfé%dr?ber of thioether |inkages. The oligoners were p?g‘g’gr ed 10
by the addition of a dinmercaptan to a diolefin under free radi cal
conditions. The nol ecul ar weight of the oligomer was controlled by

reacti oan#oi chionmetry. The reactions were carried out either ihermally or

phot oche{SH c4ryipyl-bey PESIBFtErecar FedNo U000 h aveikble iremAIRTE ol ef i ns
such asd{ﬁlﬂiﬁp@oé@e}y_\ere nore successful using the photochem cal nmet hod.
rocedur €.

15 Therma A di nercaptan or m xture of dinercaptans was wei ghed
into .1 flask, A BN was added, and the flask was heated to 65 C. A

di ol efin was added dropwi se to the dinercaptan solution at a rate to

maiont ai FAPe lipysdoastadiceac(Prrygeee 6).4AS Dot Wek8-goavailable fom Addrish t he

additio i r was stirred for 4 hours, and the tenperature was

mai nt ai Hbé’aﬁ‘gﬁ%‘ %{n-%g C. The reaction product was checked by 1 H NMR and
13C NVR 20 to determ ne whether any olefin groups remained. |If olefin was
still present in the product m xture, additional AlIBN was added and the

ol i goneDAks diallyy plabialaie (YBucturg (), CADNoah3 1-4@@i evadiable fommaldreh when t he
anount g:fh oleghg remai ni ng was determned to be |less than 4 percent by 1 H
NVR. The 6T GoHBPE? ™ Table | were prepared using the thermal procedure.
251p0Al ternative Thermal Procedure. The reaction was carried out as descri bed
above; however, 0.5 percent AIBN was dissolved into the diolefin, and the
resul ti REGIH upelytetydene gyddivioylt duleer @S wactom ) A0AS N 50856-26-3,

available from Aldrich Chemical Company.

AIBN - 2,2’ -azobisisobutronitrile, CAS No. 78-67-1, available from Aldrich Chemical

15 Company. It is used as a thermal free radical initiator.

NPAL - tris(N-nitroso-N-phenylhydroxylamine)aluminum salt, CAS No. 15305-07-4,

available from First Chemical Corporation. It is used as a radical inhibitor.

20
HE ~ S S g
Structure |
0
\/\NJ\N A~ U/\///

0 )\N ’J\) N|)\N
25 '\/ \\\/\«0 N,)\U/\/

Structure 2 Structure 3



6 NOV 2003 WO 00/ 68297 Table 1 PCT/ U500/ 12732 DVDSCHVEDAPI ni ti ator Reg&bi om3
Target MN W. 9% ine Aigonmer 1100.3 gl112.7-0.3% hr2800 A igoner 230.37
025.45--0.5%1 hr830 A igoner 324.57 g--35.060.6%9 hr2800 Ai oner

425. 20- - 9% @492975%9 hr 830 Phot ochem cal Procedure. A di nepPcCapisedi27a
diolefin, and 0.5 wei ght percent |RGACURE 651 were weighed into a gl ass
jar. The contents of the jar were shaken and 5 were irradiated for 4 hours
with two GTE 15 wapi~ & 380 bl 3 T gt bul B yavi ng a power
output of 1 mWcn?. Addithonal | RGACURE was adddd d the oligoner
was heated to 80 C. The dgeuer was irrgfl ated agai gr several hours.
The reaction was considered conpl ete when greater t¥W4#*®5 percent of the
ol efin groups had reacted gs judged by 1H and 13C NVR. The oligoners in
Tabl e 2 were made using the ot ochem cal procedure. Table 2
DMDSVCHCODTot al Expos : Itiator]i | _@mer 539.8325.411. 3946
hr2800 Ai oner 630.0 b 170.- 0,.5%4 hr 8300 i "per 735. 03--22. 331. 0942
hr2800 O i omer 840.25--21.F31 2982 hr 1000 hged®ers 9 and 10 are descri bed
in Table 3 and contain a cgobi nati on of VCH, 15 which contains no oxygen
et her |inkages, and CHVE, SATEH has reactive vi nyl ether groups. DMDS, VCH,
and | RGACURE 651 were weighed into a glass jar. The contents were shaken
and irradiated for 4 hours with two GIE 15 watt Sylvania 350 nm bl ack |i ght

Qligomer Preparation

A variety of oligomers with different backbone structures were synthesized.
DMDS was chosen as a monomer to minimize the amount of ether linkages in the
backbone and maximize the number of thioether linkages. The oligomers were prepared
10 by the addition of a dimercaptan to a diolefin under frec radical conditions. The molecular
weight of the oligomer was controlled by reaction stoichiometry. The reactions were
carricd oul cither thermally or photochemically, Polymerizations carried out with less .
reactive olefins such as VCH and COD were more successful using the photochemical

mcthod.

15 Thermal Procedure. A dimercaptan or mixture of dimercaptans was weighed into a
flask, AIBN was added, and the flask was heated to 65 °C. A diolefin was added dropwise
10 the dimercaptan solution at a rate to maintain the wmperature in the flask between 90 -
100 °C. After the addition, the oligomer was stirred for 4 hours, and the temperature was
maintained at 75 - 80 °C. The reaction product was checked by IH NMR and 13C NMR

20 to determine whether any olefin groups remained. If olefin was still present in the product
mixture, additional AIBN was added and the oligomer was stirred at 75 - 80 °C for an

additional 5 hours, when the amount of olefin remaining was determined to be less than 4
percent by |H NMR. The oligomers in Table | were prepared using the thermal
procedure.

25 Alternative Thermnal Procedure. The reaction was caried out as described above;

however, 0.5 percent AIBN was dissolved into the diolefin, and the resulting solution was

added to the dimercaptan.

-10-



bul bs having a power output of 1 mWcnR. CHVE and | RGACURE 651 were added
to the resulting oligomer, and the solution was irradiated again for b0V 2003
hours. 20 6 Nov 2003 WO 00/ 68297 PCT/ 13500112732 Tabl e 3 DVDSVCHCHVETot al
Tar get hkdrgd or A i owner 917.125.389.76 a0.5%800 A i 5.09
06.0510”@%%?%&%%% Aigoners 1 | and 12 are described in ngﬁgﬁﬁwgﬁ wer e
prepared with a m xture of DVMDS and DVMDO. The alternative thernal
procedure |isted above was used, andraq).!;IS percent AI BN was the catal yst

| evel for_each reaction. For Qigo > DVDS and DMDO were used in a
70.30 ratfio, and for DMDgon€HVE?| DMAP andinid? vVierRedé6i8f ||MTAzeMy 0 ratio.
For both foligoners,|there are nofe sul fur W{N@grs tha@uﬁ)‘g(ygen atons ijn the
backbone. 61%%}? ;] BV VETAr get My, sl r=amet L9007 65hp 08 g2800

oA 01 83— EHgorers—t3—318—afe—ddseriped—n Tabl e
,%Qﬁz °2§3§ hah- “s H foa-ﬁ%ntﬂn.es‘h' " thd badRbanc and

ol t &s| of~ chdnfPigson 0-6%e  lal t &at i Ve t Hdnal

gomgr 4blove20gs| used. 3hd4@. 5 Peisdent] Al BNirwas t he83(5 clat al yst
| evel for each reaction. Table 5 DVDSDVDOCHVEPEGDETarget MN O i goner
13--16. 0015. __omer 14--15.1210.29 g--830 i goner

1516. 01- - - - 2 Fsaere.] SaBmeaptan a5digle§30andi 0. 3 wight peroeng811. 49
g- - 26. 71IRGgﬁ919RE 651 were weighed into a glass jar. The contents of the jar were shaken and

5 were irradiated for 4 hours with iwo GTE 15 watt Sylvania 350 nm black light bulbs

having a power output of 1 mW/cm2. Additional IRGACURE 651 was added, and the
oligomer was heated to 80 °C. The oligomer was irradiated again for several hours. The

reaction was considered complete when greater than 95 percent of the olefin groups had

reacted as judged by !H and I3C NMR. The oligomers in Table 2 were made using the

10 photochemical procedure.
Table 2
DMDS | VCH COD Total Exposure Target
Initiator Time MN
Oligomer5 | 3983 g | 2541 g -~ 1.3% 16 br 2800
Oligomer6 | 30.02g | 15.17 ¢ - 0.5% 4 hr 830
Oligomer? 13503 g - 2233 g 1.0% 12 hr 2800
Oligomer 8§ 1 40.25¢g -- 2153 ¢g 1.2% 12 hr 1000

Oligomers 9 and 10 are described in Table 3 and contain a combination of VCH,
15 which contains no oxygen ether linkages, and CHVE, which has reactive vinyl ether
groups. DMDS, VCH, and IRGACURE 651 werc weighed into a glass jar. The contents

were shaken and irradiated for 4 hours with two GTE 15 wart Sylvania 350 nm black light

bulbs having a power output of } mW/cm2. CHVE and IRGACURE 65 1were added to

the resulting oligomer, and the solution was irradiated again for 2 hours.
20



al di oner 1812.5114.78--- 830 24.57 Preparation of DVDT. DMDT,

1, 8-di nercapt 0- 3, 6-di t hi aoct ane (Structure 9), was 20 prepared from 6 NOV 2003
3,6-dithia- 1,8-octadiol using the nmethod of Cooper et al. with the
except i onwgdosk2938 percent HCl was used in place of 48 perpepstdfzzizn t he
synthesis. WIf, R E., Jr.: -12 6 NOV 2003 WD 00/ 68297 PCT/ USOQ 12732
Hartman, J. P..; Storey J. M E; Foxman, B. M; Cooper, S. R J. Am

Chem Soc. 1987, 109, 4328-4335. HS,_,a_bl,Eée, s S" - /S~ ~SH Struct ure 9 5
EXAMPLES [T0 Examl s EXa = prep i e—thg
corrponents I n the ratPcI)\nggdent ir?ive I n T%f‘ég Th??[égl NS 3:@ Pbé O ed by

| aci ng 6 t+he eHH— e u-e—Hht-o—a—70 1 R8st ar  al uminum di sh
p g 5 Lﬂ f 2 ,
heating to ~EP’P“ ..7!1 iating: 3% 1 (hof78sded (vBSEBIE 15 @80Q Syl vania
350 nm bl thomeﬁﬂ@ hu%@%ﬂaw ng 66{)53@_ ol.B8t of 1 &BFcnP.| A &30 1.4 mm

thick el astomeric speci nmens were obt ai ned. 15 Tabl e 6 Exanple | Exanple.
2Exanpl e 3Exa@Ie4TLC% (%O’lg 0-- TAC--5.0--5.0 g DVDS4. 64. 6- - - -
HDT- - - - 4. 5 g4 5 8PERE d %d@‘ef'b%%amg'@ IsaBargwersPrepagBhwth epeik e oe

Exanpl es gMDS 3nd DMDO. The alternative thermal procedure listed above was used, and 0.5
5 percent AIBN was the catalyst level for each reaction. For Oli gomer 11, DMDS and
DMDO were used in a 70:30 ratio, and for Oligomer 12 DMDS and DMDO were used in a

50:50 ratio. For both oligomers, there are more sulfur atoms than oxvgen atoms in the

backbone.
10 Table 4
DMDS DMDO CHVE Target My
Olizomer 11 0.00 g 7.62 ¢ 17.08 ¢ 2800
Olizomer 12 1500 g 1772 ¢ 2461 ¢ 830

Oligotners 13 - 18 arc described in Table 5 and contain more oxygen atoms than
sulfur atoms in the backbone and were preparcd for purposes of comparison.  The

alternative thermal procedure listed above was used, and 0.5 percent AIBN was the

135 catalyst level for each reaction.
Table 5
DMDS DMDO CHVE PEGDE Target MN
Oligomer 13 -- 16.00 g 15.01 g - 2800
Oligomer 14 -- 15.12 ¢ 10.29 ¢ -- 830
Oligomer 15 16.01 g - -- 22.16 ¢ 2800
Oligomer 16 2550 g - - 2553 ¢ 830
Oligomer 17 9.68 g 1149 ¢ — 26071 ¢ 2800
Oligomer 18 1251 g 14.78 ¢ - 2457 g 830

Preparation of DMDT. DMDT, 1,8-dimercapto-3,6-dithiaoctane (Structure 9), was
20 prepared from 3,6-dithia-1,8-octadiol using the method of Cooper et al. with the exception

that 38 percent HC! was used in place of 48 percent HBr in the synthesis. Wolf, R. E.. Jr.
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Conparative Exanples | - 5 were prepared by m xing the conponents in _the
ratios 20 identified in Table 7. The resins were cured by pl acing GBgWé(n?ﬂm
of the liquid mxture into a 70 mm di aneter al um num dish, heating to 50
C, and i L, abdng for 1 hour under two Sylvania 350 nm ,git bul bs
havi ng a%%%@&%ﬂt put of 1 mMVWcnmR. Clear 1.4 nm thick el gs orrl\%drdlzg'B

speci nens were obtained. 6 NOV 2003 WO 00/ 68297 PCTI USOO 12732 Table 7
Conpar at HeRfMAARR RIS MBEITRAAL ) agptd ratjyve | amle
2Exam | e 3Exanpl e 4Exa5h;1ql e ?T%k&%gga%@%%%@%p%é'MC@%r%é%dsgx

DVDO5. 46409, 48286335.EBMP- - 7. 14 0----7.14 g CAPCUREO----16.2 g---- 3-800

| RGACUREQ. 053 ¢g0. 061 g--0.053 g0.061 g 651 Absorption Performance at 60 C
The swel ling volune of the cured Exanples 1 - 4 and Conparative Exanpl es |
- 5 5 were neasured. Specimesg wel ghin ﬁgpr,qxi mately 0.5 granms were cut
fromthe 1.4 mm thick filns prepargo}ll\a%ove, driHed for 1 hour in a vacuum
oven at a tenperature of 100 C and®pcesdure of 2 torr (266 Pa) and
cargfully wei ghed before imersion in distilled water and in a 96/4

m xture, by weight, of water/n-butyl alcohol at 60 "C. The sanples were
removed fromthe liquids carefully patted dry with a paper dowel, and

wei ghed after 24 and 10 72 hours. e rcent wei ght gain was cal cul ated by
the following fornula: (swollen \@@Mﬁg@)ri gi nal weight)/ (original

wei ght) .Exdmpleepulits of this experinent are reported in Table 8. Table 8 %
Wi ght Gai n% Wi ght Gai n% Wei ght Gai n% Weight Gain in Water (24 hr)in Water
(72 hr)in Watlkexamples h- f\aess preparet by amivingdbd dbmpaneals 1A Ghedrafidd iden)iig@inhr )

0 Table 6. The resins were cured by placing 6 grams of the liguid mixture into a 70 mm
diameter aluminum dish, heating to 50 °C, and irradiating for | hour under two GTE 15

watt Sylvania 350 nm black light bulbs having a power output of 1 mW/cm2. Clear 1.4

mm thick elastomeric specimens were obtained.

15 Table 6
Example | Example 2 Example 3 Example 4
TAIC 50g - 50g --
TAC - 50g - 50¢
DMDS 46¢ 46¢ -- --
HDT - — 45¢ 45¢
IGRACURE 0.048 ¢ 0.048 g 0.048 ¢ 0.048 g
651

Comparative Examples 1 - §
Comparative Examples | - 5 were prepared by mixing the components in the ratios

20 identified in Table 7. The resins were cured by placing 6 grams of the liquid mixture into

a 70 mm diameter aluminum dish, heating to 50 °C, and irradiating for 1 hour under two

Sylvania 350 nm black light bulbs having a power output of ImW/cm2. Clear 1.4 mm

thick elastomeric specimens were obtained.

-13-



Exanple 11.0%. 0%. 29%.. 4% Exanpl e 20. 89®. 8%2. 4293. 19% Exanpl e
30. 699. 6%. 19%. 7% Exanpl e 40. 6%, 69@. 42%. 12% Conpar at i ve2. 192. 19%6. 496 .Myl
Exanpl e | Conparative2. 993. 6%6. 2% . 3% Exanpl e 2

Conpar at M@% .09%22. 4948. 76% Exanple 3 11r -14 6 NOV 2003 00/ 68297

PCT/ US00 % \\ei ght Gai n% Wi ght Gai n% Wi ght Gai n% WSO i 1

Water (24 hr)in Water (72 hr)in Water/n -in Waterln - butanol 96/ 4but anol
96/4 (24 hr)(72 hr) Conparativel. 8% n 7% 8% Exam le 4

Conpar gtive2. 0%. 498, 0% . 8% Exanpl e data in Table 8 clearly show t hat
the eng-thiol res| fonmphraixaipCespdratved| Aotpafatied| NCorpaFaase St Admpbraee! | i ng
in watgqr_and in wat Exdmplolt andixatpR? COMBadnallé ve| Exanptgs | ﬁ,p,ggqe
wat er / Qut afaliCm x{ uresg@s used @ sl nulates e SWETTTNg S gnaracy eri Stlics
of corrfosi iy nks] The_pres¢nce of a n naqu_gé’ua uUllps)bcll ux.,n;’a(? At anol
si gni f iCARIRA MC[eagEE e swetiingof—theetastones = ot Eonpar ed
to swgtt :HEWE“LQ Ret—HStHhgwadt er—al Qn%‘—lvanv avall i nks__have
Si gn| fike apunts—of™ wat.er rY“\7 &‘ﬂ‘bl’ﬂ et sol vents Which-typidall V-Mrgcrease
swel || (EARCHRE® | n general | facH itatbs 168gradation-of tHe el astonef
net wor k. 18-8@he absorption data in Table 8 also cI early denonstrates the
| mpor t ARG ACUREBeXi nb.es50g t hi oetgegrg cont ent__and P@Bg ng (Y FRUTTE
units ifn thgsinetwork. The per f or mance| of Exanpl e when cdhpafed to
t hat of Conparative Exampies T—amd
Absorption Performance at 60 °C
The swelling volume of the cured Examples | - 4 and Comparative Examples | - 5
5 were measured. Specimens weighing approximately 0.5 grams were cut from the 1.4 mm
thick films prepared above, dried for 1 hour in a vacuum oven at a temperature of 100 °C
and pressure of 2 torr (266 Pa) and carefully weighed before immersion in distilled water
and in 4 96/4 mixture, by weight, of water/m-butyl alcobol a1 60 °C. The samples were
removed from the liquids carefully patted dry with a paper towel., and weighed after 24 and
10 72 hours. The percent weight gain was calculated by the following formula: (swollen

weight)-(original weight)/(original weight). The results of this experiment arc reporied in

Table 8.
Table 8
% Weight Gain | % Weight Gain | % Weight Gain | % Weight Gain
in Water (24 hr) | in Water (72 hr) in Waler/n - in Water/n -
butanol 96/4 butanol 96/4
(24 hr) (72 hr)
Example | 1.0% 1.0% 1.2% 1.4%
Example 2 0.8% 0.8% 242% 3.19%
Example 3 0.6% 0.6% 2.1% 2.7%
Example 4 0.6% 0.6% 3.42% 4.12%
Comparative 2.1% 2.1% 6.4% 6.3%
Example 1
Comparative 2.9% 3.6% 6.2% 7.3%
Example 2
Comparative 8.5% 8.0% 22.4% 18.76%
Example 3
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4 is particularly surprising. The di ncrcaptans,

structurally very simlar and the physical

DMVMDC) and DMDS, are

properties of the cured

net wor ks before exposure to waicr were 15 very simlar.
| of DMDO andeCcTdiAd8/12238 wor ks i S

resi st anew domgydt er and wat er/ n- hut anol

very different. Absorption Performance at 22 C The swelling of Exanples 1 -

swel

However, the

b NOV 2003
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m xture or water were inmmersed at roomtenperature and renoved

periodi cal |y, THealagf il Tap1eH EI@Q])"@h&)G{ tﬁaﬂﬁﬁ@ﬁc-thﬁ?‘?@sﬁns @%aﬂ@i&hew aréhe sanpl es

swelled in the inks were immersed in ink and stored 0 C. They were

peri odi cah¢hymormesigant tandeliing iswnter asd eracrn-ngenblwhinhCammparatiteo 5 renove
the ink._The r tted dr i t.h a paper towel and carefully weighed.
This |5 EXIS Sratal B Yaer Priee ioEEe RO S S0 THISF fhestaiiEes and

conpar at inecRNHH o Sorrddife inRE" TRNHRESICUBT JRbnadRidhs MBmpSAint cdlRd from the
formula: (swollen weight)-(original weight)/(origi naIp wei ght). Sanpl es
soaked i putamd egnikiciityanocasgs tlwavetingafehsdakaderf etwark i gomparsfl td5 days.
After 15 days, .the sanpl es re dried ir vacyum aqven at 60 C faor 48 10 to
96 hour SYESREEd FAEREEF 490 MABLT AN PO horakspr oot oy ed
down vei ghttr mieibld PneashiR thpitafd idcPedsERRETinPo A, fCieAEraFhdliatedai n for
the 15 day swelling studies. ""The corrected percentage weight gain for the
15 day sdegrddamen cfitbelclastomasnawbdul ated from the follow ng forml a:

(swol len weight)-(dried down_weight)/(dried down weight). This. nunber is
reﬁ@rted to cﬂ?‘")r“é’b?rpf‘ﬁ? daf¢n ﬁbgf‘}‘f’&i‘s@% df MoR§ites ARMINROTGNRE ‘fslo_ extraction
by the 1g3.\&k8hs Miodifdr @bARALHIFRAIMIZInENER pRlic AMYs WL hed iR ghd al . The
data in Table 9 show the percentage wei ght increase in water/n-butanol and
i nk for penformxeefl Examplgs ¢ eop drvdtencomprudpd Het of [Gempantave bxamagiese] ondc| ear | y

I ndi cat ¥ ltsq)ad;['ticuinrly surprising. The dimercaptans, DMDO and DMDS, are structurally very

ut anol

similar and the physical properties of the cured networks hefore exposure 1o waler were
15 very similar. However, the resistance 10 water and water/n-butanol swell of DMDO and

DMDS networks is very different.

Absorption Performance at 22 °C

The swelling of Examples | - 4 and Comparative Examples 1 - 4, was also
20 measured in a 96/4 mixture of water/n-butanol at room temperature (22 °C) and in
Lexmark inks. The cyan ink is from Lexmark’s colored ink jet cartridge, part number
12A1980. The composite ink is a mixture of cyan, magenta, and yellow inks from
Lexmark’s colored ink jet cartridge, part number 12A1980. The black ink is from
Lexmark’s black ink jet cartridge part number 12A1970. Specimens weighing
25 approximately 0.2 gram were cut from the 1.4 mm thick films prepared above, dried for 24

hours at 60 °C in a vacuum oven, and weighed before immersion in the ink or water/n-
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Exanples 1 - 4, containing no oxygen ether or ester linkages in the _
di mer capt an backbone, are nuch nore resistant to swelling in 6 NOV 2003
wat er/ n- but anol and ink than the conparative 20 exanples, which contain

et her or weleksbt nkages i n the backbone. Dramatic wei ght IPQ.Zmo ,p,gfzr
several days in ink were observed for Conparative Exanpl es ano(

contain easily hydrolyzed ester functional groups. Table 9 % Wi ght

Gai nCorrpbmhm(ﬂ sQI5 GyanTHSsatg)ds20B11ag o 1hE wiiy/n2Ruird) Widki8rd o @M@Qe
day) day) day) butanol 9614 (7 day/ 15 day correcteda) Exanple
10. 46% O"’G%Q/&C%W@n CAMPRFARISoNd remoyedRYipdic alyy s Eix fukyl dzie@ with a paper

30" 6404 o YIS0 L Sl R WS s AR Sin nk and sorcd

41. 0094 16BHORT Ry % ek 8di&: ! 00/ 68297
PCTLUSGO 12750 0s Vel ht ot hCompos o (SRt B R el aedSay, 20 1

Wt r / n-gEpre thednky) ’H@sw@ryxaammmmwa@e( azmdayddi&rdayy @efghed:t Ehia)s
Compar i BN Sl Sl viril s oo amiear e -
Compar at T ves £3ok & 410 Sroas Civa Al ordoTad: S3r MORBERIE < o e
sanpl es Wrigkt)/hriginhl wsightls Janples sbakedbit aiarerinhautanl bewhefweri sebited for a
total of 15 days. After !5 days, the samples were dried in a vacuum oven at 60 °C for 48
10 to 96 hours to remove the water and n-butano! from the samples. This dricd down weight
was recorded and used to report a corrected weight gain for the 15 day swelling studies.
The corrected percentage weight gain for the 15 day swelling studies was calculated from
the following formula: (swollen weight)-(dried down weight)/(dried down wei ght). This
number is reported to correct for any weight losses in the sampies due to extraction by the
15 wilter or waler/n-butanol mixtere of any uncured material, -
The data in Table 9 show the percentage weight increase in water/n-butanol and
ink for the examples and comparative examples. The dat in Table 9 clcarly indicate that
Examples | - 4, containing no oxygen ether or ester linkages in the dimercaptan backbone,
are much more resistant to swelling in water/n-butanol and ink than the comparative
20 examples, which contain ether or ester linkages in the backbone. Dramatic weight losses
over several days in ink were observed for Comparative Examples 2 and 5, which contain

easily hydrolyzed ester functional groups.

Table 9

% Weight Gain |} Composite (5 Cyan (5 day/20 | Black (5 day/20

in Water/n- day/20 day) day) day)

butanol 96/4 (7

day/15 day

corrected?)
Exampie | 0.46%/0.60% 1.26%/2.01% 1.23%/1.57% 1.22%/1.34%
Example 2 0.71%40.99% 1.80%/2.07% 1.77%/1.96% 1.04%/1.30%
Example 3 0.64%/0.74% 1.52%/2.31% 1.50%/2.10% 1.04%/1.04%
Example 4 1.00%/1.35% 2.25%/2.38% 1.93%/1.93% 1.00%/1.00%
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b These nunbers represent 2 and 5 day data because the sanple had

disintegrated by 20 days.

i nventi on.
smal |

amunbges®d7 oxygen et her

5 Exanple 5 Sanples |
These sanples exenplify that ene- thiol
| i nkages and | arge anount s gdrusdshieakher

| i nkages can be crosslinked to form sol vent,

wat er, and

i nk resistant

- 20 are exanpl es oft KVel(3
ol i gomers contai ni ng

el ast orppr+-e—retworks—Fheesanples were prepared h\/ mxjng oligontrs with
ei ther |[TAI C or TAC p% Woizliddeini pE@MpesHaS t 48Tyan 6% Hawi20 ThBlashithHad2ther e
mxed With 0.5 perceimtWaRGACURE| 65%20dnd podrdesh i nt o an pdayyi num di sh or
pouredlinto a nol d nmdeof 8&N(TWp gl ass platgs covered Wth rel ease lfi ner
separ ated by a 1/16| 45905 gay| i cope spacer. The sanples wefe irradiated for
1 hour (with two GIH 1 3,; Syl vani a 350 nmijbl ack Iight pul bs having|a
power ( - F’ Feparation—of the-sanplesiis described in
Tabl e 10.Comparatiyee 15/ PgI%r O f §SHRE-08F0s 4150068 Fss| | AREF/NB5%Nt Nei ght
Sanpl e [LOEXa@Ber! 119 22TACD. 97 g Sanple 20 i| onmer | 17. 52TAI C0. 89 Sam | e
30 i gonerCampapdivACl|. DB B/6Sdfipl e| 2CBH/hie% 212 . 863A0.82%33| gg@ goner
316. 30TACEx@@psSaplle 60 i gomer B15. 04TAIC0. 94 -17 6 NOV 2 / 68297
PCT! USPOTCA it k1 OQTRGEI A0TET [ Q5,3 TR 015 el gIEgT g, Sl e
71 onfer Ei@m ‘QACl 08 g Sanple orrer 43 53?‘%&?2?% Sgrrp? I goner
o5 23 [T dgaritive ™ T B30k A 1% O 6.971%0 6% = | 68700 9% © | 4955080k
' Example 5
2 The samples were dried for 96 hours to obtain the corrected weight.
b These numbers represent 2 and 5 day data because the sample had disintegraied
by 20 days.
5 Example 5
Samples | - 20 are examples of the invention. These samples exemplify that ene-
thio} oligomers containing small amounts of oxygen ether linkages and large amounts of
thioether linkages can be crosslinked to form solvent, water, and ink resistant elastomeric
networks. The samples were prepared hy mixing oligomers with cither TAIC or TAC as
10 described in the table below. The sampies were mixed with 0.5 percent IRGACURE 651
and pourcd into an aluminum dish or poured into a mold made from two glass plates
covered with release liner separated by a 1/16 inch silicone spacer. The samples were
irradiated for i hour with two GTE 15 watt Sylvapia 350 nm black light bulbs having a
power output of 1 mW/cm2. The preparation of the samples is described in Table 10.
IS5
Table 10
Oligomer Oligomer Crosslinker Crosslinker
Weight Weight
Sample 1 Oligomer 1 19.22 ¢ TAC 097 g
Sample 2 Oligomer | 1752 g TAIC 089 ¢
Sample 3 Oligomer 2 521g TAC 1.00 2
Sample 4 Oligomer 2 12.18 g TAIC 233g
Sample 5 Oligomer 3 16.30 g TAC 099g
Sample 6 Oligomer 3 1504 ¢ TAIC 0.94 ¢

- 17 -



Samle 120 igoner 613. 09TAIC2.61 g Sanple 13Ai oner 715.88TAC0.98 g SanG)I e
140 i omer 810.17TACL.51 g Sanpl e 150 i gomer 915. 97TACO. 91 or Sanpl e 6 NOV 2003
164 i goner 105. 11TACO. 98 Sanple 170 i gonmer 105.51 gTAICl. 05 Sanpl e

1804 i gonsyo ddidsee3aTACO. 87 g Sanple 1901 oner 124. 11TACO p3gaRoesfdys] €

200 i gonmer 124.07TAI C0.81. g The ink and noisture resistance for Sanples |

- 20 is shown in Table 12. The 1/ 16 inch sanples were cut into pi eces

wei ghi ng appr oxi mat Ol g gra e stangd wet T ecut

descri hed above was use(gm&Sarrpn} %’Véx 0 swe ?goé%fné(ss tha&ﬂﬁggkéent 51in
96/ 4 W“E”ﬁam1u am Cbl il tenp e—+hA-5—days—Addi st of
these sanbiuhcdid not W80 4y toro 3 br centAGe| ght _aft P8 Bein

| mver s ¢di PmRle By a# gligemer hr 15 (2383 gAl sol r endiAd6bl e s t ha69 gach |of
t hese mple 9 swe| | ddigomesSt han 4 1p83gent _at  6AC i n ¢ach @8 ghe ijnks
t hat r eStmpled®.  ThegHigehms5oners hawe d ow crosqm]@k densitigys o et her
1000 of 3€&@praliecul aron/gg'hﬁhg bet Vee | § OSSI | NKS. TA¢ s eXdH] 03'“'0

denons{rakgsplet@ 10 'Ol Ye6CT ssi| materal n—whireh—t e furber  of
thi oct IcTcOr OIS, TS %E?chy afre—t I}]@ %!C“m‘ 2t her Elfg'"“c S
i ni i pedoiRads: J, o Qligoer s T ng- 288k AmprTAGnd Lol ve¥8 8 Exarpl e 6

15 SampleSaPlgdd o/l BAMERS oy b |1@\l7tghat a di @ACapt ah_nonihieg
cont ai hin§amalerl5 syl f @ligomer 9 he| backbSAg can be AT to prepal®l & nk
resi st ant Senpletléner|i cOhgémorii0s. | |t vBapl g pr epar ed TYC M Xi fig D\ g § 2. 03
grans) | T8hepkel:757 |gralpimeraind | RO AGRE 8TY (U §h§c daram Y 5 a| urfi num
di sh on ash@plepigat §. blicWRS IRASFET JHR{RYTIN FOSTOi=P1 un,,aauu’pnguf s at
20 ft. fMg,nHsiq0 tneoh 'é}r]z‘v%m-bﬁgﬂ*-ﬁ—!’dev Lul.v\..:‘vl\o 0p/1-6823

PCT/ u3301‘$_210142§a.4 ﬁ‘i:—wa test-ed Saatorand MK er L nl but HBAE usi ng the
st andad aﬁ@ple- In nrQ ﬂqmﬁr h_e \AAI-(X’II‘Sn hlfan()ir%d wal er r%h&tange Of
Sanple 21 is shown |n Tabl e 12 and is very simlar the data obtained for

Exanpl e | whirg0; fONaghStuRNERsthifce %?S%g $09NSy iy shown in Table 12. The I/16

inch samples were cut into pieces weighing approximately 0.2 gram, and the standard

swelling procedure described above was used. Samples | - 20 swelled less than 4 percent
5 in 96/4 water/n-butanol at room temperature in 15 days. Additionally, most of these
samples did not pick up more than 2 percent weight after being immersed in water at 60 °C
for 15 days. Also remarkable is that ecach of these materials swelled less than 4 percent at
60 °C in each of the inks that were tested. These elastomers have low crosslink densities.
cither 1000 or 3000 molecular weight between crosslinks. ‘This exaimple demonstrates that
10 lightly crosslinked materials in which the number of thiocther groups is maximized and the

amount of oxygen ether groups is minimized are resistant to swelling by ink, water, and

solvent,

Example 6

15 Sample 21 was prepared to exemplify that a dimercaptan monomer containing four
sulfurs in the backbone can be used to prepare ink resistant elastomeric networks. It was
prepared by mixing DMDT (2.03 grams), TAIC (1.57 grams), and IRGACURE 819 (0.018
gram) in an aluminum dish on a hot plate. 1t was passed through a Fusion processor 10

times at 20 ft./min. using the Fusion V Bulb.
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0.5 percent, 5 and the equilibriumwater uptake at 60 C is approxi nmat
percent. Therefore, DVDT, which contains no oxygen ether or ester
| i nkageswoipd/egredli NCr capt an nononer that can he used to peraso@siTss t hat
are resistant to swelling in ink, water, or solvent. Exanple 7 10 Sanpl es
22 and 23 are de?CéLbed in Table I | and exenplify another nethod for
synt hesi zi ng 2RIl £kVat Eied 81 Waehard walgep-hygtapplaisiig tbe stanlard swelling | n t hese
sanpl es, I t L ' | e : added to
i L e A L e R e S e i
Vi scosi tapd $oveuty siatilar theelandtesintdfor Bxagible | WEcHe6Maiak DISDS ikits EaARbLAR.
adj usted by the ratio of CHVE and TA)C. For these sanples. a 15 di nercaptan
monomer , Lieagrilibriamewatesimbyianeiprake ah rremptemprituse it 2PPRENTRFE o Rercensr e
condi ne | £ B : a O [preventpreat ure
gequ)i ngd‘nfl)l t%‘em{bé@&n&ﬁg{]‘gﬂ |q€l}1{i68 \;\blega oé’r“\é%?ﬁ’%? %@%e%lﬁe%ﬁg, lng(’)m‘two
gl ass plwitiesconminy moowige M etheRbRRRe linkRE Ss aAfn@cabtkPmbmihershiliice®pe spacer .
The sanples were irradiated for 1 hour with two GIE 15 watt Syl vania 350
nrn bl adked togpakegedipsthplare Frsistant poswailingingok. viter, or selvesh12. 20 Table 11
DVDSDVDTCHVETAI C Sanpl e 228. 04--3.455.74 g Sanple 23--9.18 g2.84 g4.70 ¢
Sanpl es 22 and 23 were tested in water/n-butanol and water using the
st andar Exasid1 i ng procedure. The swelling of Sanples 22 and 23 in
wat er/ n-butanol and water is 25 reported in Table 12 and is also quite |ow.
ThE? equi | i br iSamMgaEeand 28 aredrsrribpstiadabled | awd sxerpplifiy anoerpeetbehforf or bot h
SAPI € oy ARELiAREIRIMARTANBARL BHE Entli i RehRuBPRI RLITRAELY | smflPT CONC
Thus. sofvent a nol sture resistant resins can De prepared by mXxing a
di mer caprmonveftdifuactional olefin afondnder, CH VENahs adddd td 4 difierictionalmedttuinns and
phot ochem, cal ly._ curing the resulting solution. -19 6 NOV 2003 WD 00168297
PCT/ 1530 12967 ThesedPist mamopisrs iormeadew visserity seiutioan Thr meleckiar 885 pt i on
perfor 1: Ny 3 [ r sed. The
Dor cont aoareed Eh ik B e e B AR FECHYERG THOF, FRPHE R

15 dimercaptan monomer, CHVE, TAIC, 500 ppm NPAL, and 0.5 percent IRGACURE 651

The equilibrium waterl n-butanol uptake at roomtenperature i s approxi natel
q p mp pp gaw if{m

were combined and stirred thoroughly. The NPAL was added to prevent premature gelling
of the resin. The liquid was poured into a mold made from two glass plates covered with
release liners and a 1716 inch silicone spacer. The samples were irradiated for 1 hour with
two GTE 15 watt Sylvania 350 nm black light bulbs having a power output of 1 mW/em?2,
20
Table 11
DMDS DMDT CHVE TAIC

Sample 22 8.04 ¢ -- 345g 574 ¢
Sample 23 - 9.18 ¢ 284 ¢ 4.70 ¢

Samples 22 and 23 were 1ested in water/n-butanol and water using the standard
swel]iﬁg procedure. The swelling of Samples 22 and 23 in water/n-butanol and water is
25 reported in Table 12 and is also quite Jow. The equilibrium water/n-butanol uptake is less
than 1.5 percent for both samples, and the equilibrium moisture uptake is approximately |
percent. Thus. solvent and moisture resistant resins can be prepared by mixing a
dimercaptan with a mixture of difunctional and trifunctional olefins and photochemically

curing the resulting solution.
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5 formula: (swollen weight)-(original weight)/(original weight). The
corrected percentage weight gain in water/n-butanol or water was cal SUNGY WB3
fromthe following forrmula: (swollen weight)-(dried down weight)/(dried
down wei gwo)os/681370bt ai n t he dried down weight, Sanples 1 pcEsoongms2dried
for 48 hours, and Sanples 21 - 23 were dried for 96 hours. 10 Table 12

Wat er/ n-Water (7Conposite (7Cyan (7Bl ack (2 day/ 7 butanol 96/ 4day/ 15
dayday/ 15 day)day/ 15 day)day) (7 day/ 15 daycorrected) corrected) Sanple

| 2. 30% 2 AQ 0R. 529% 2. 450R. 45% 2. 3890. 8' )" % / 1). 71% Sanpl e
22.29% 2%@8&% 26%2.3 1 9%R.4 | % 2.58%. 73% 0. 58% Sanpl e
019% 2. 35%) TaBRAIL. &3%548%&01’1;1{’@ peAlhaned ¥8a 3 UL qw%l%ng Eggzgm

32.
65% 2. 2699. 42% 1. 06%R2. 10% 2. 10' ! . 2. 28% 2. 55%. 54/ |

41.
51. 15% 1 98seoipedabyve wepepseds Ghe psmme?wmghugm:msm%vem&z%smmm 1hc
gg% 40% Sanp

61. 5196 1 9%, 50% 2. 43%).
o1 Sevar e 8@%’%&%@"@%ﬁ‘%‘"ﬂg‘ﬁ/&g‘ig’ﬁ@ el‘?%"-@&ﬁﬁFﬁSe"lﬂge
80. 99% 1w @AM . w4l !

0. 889 1 1790209 280" KL 1% | 43%3%‘%%’/?’5§§%‘5}8"§‘%’ﬁ@'°@9ﬁ%fﬁ%‘9° °

9
100. 71% §SWodlep wspghio(dnigdgown svight)/Gisied dawm;gawmasmﬁahpuﬂcd down

110. 58% 8, %’(@ %g ﬁ%em% é 1091, 55% 1 gg%) 48% 0. 20% Sanpl e
120. 349% e Hiokzs, 94 Samplen 36 B3 906 GiIR96
130. 57% Bo@d%®. 17% 1. 38%). 84% 1. 25%) 85% 0. 92% 0. 24% - 0. 30% Sanpl e
140, 45% 0. 68%9. 11% 1. 05%.. 09% 1. 03%0. 94% 1. 00%0. 32% 0. 00% Sanpl e
150076% 1. 4094 21 9% 2. 94%.. 999% 1. 8192. 20% 2. 08%). 28% 0. 14% Sam | e
161. 28% 2. 14%). 43%4.0. 8694. 27% 1. 279%,. 53%.1. 70%). 42% 0. 50% Sam | e
170. 99% 1. 28%). 41% 0. 99% . 43% 1. 24&23&& 90%0). 54% / 0. 67x10 Sanpl e
183. 70%3. 77%). J69NadBVE . HOVBITVS. A Ef?lef’(ﬁidy/ 7
193. 529% 3. 84%). G0%hiind)98/3. 4%,3:32‘.?3 50 ? %‘a’%@ é%u}{"
203. 2994 3. 609%4.. (30Hchy/4488, D7%0b3 99|91 040" Samd
210. 499%.0. 55%.. 01%ckeaddh Sanpl e 220. 91% 1. 18%). 85% 1. 11%
Sample T | 2.30%/2.08% | 0.00%/131% | 2.520/2.45%. | 24502, % | OR0OGAOTI%
Sample 2 2.29%12.07% | O.89%/1.10% 2.20%/2.31% 241 %/2.58% 0.73%/0.58%
Sample 3 201%/2.35% 0.63%/1.09% 2.43%2.17% 222%/2.53% 0.39%/-13%
Sample 4 1.65%/12.26%: 0.425./1 06% 2.10%2.10% D IRGS2.55% 0.54%£).54%:
Sample 5 1.15%/1.87% 0.85%/1.37% 2.81%/2.87% 2.47%/2.41% 0.45%/0.57%
Sample 6 1.51%/1.93% 0.80%/1.43% 2.625%/2.70%: 2.50%42.439% (.60%/0.4%
Sample 7 1.28%/1.73% (1.82%/1.28% 2.27%12 .40% 2.45%2.67% 0.609-/0.12%
Sample § 0.99%/1.37% | 0.79%/1.13% 2.26%/12 .42% 2.36%/2.52% 0.51%-/0.00%
Samplc 9 0.88%/1.17% 1.205/2.80% 1.97%/1 975 2206412 409 0.30%
Sample 10 | 0.71%/1.18% 0.529%/0.59% 1.54%/1.39¢, 1.62%/1.68% 0.42%
Sample 11] 0.58%/0.95% 0.30%/0.73% 1.16%/1.10%- 1.55%/1.69% 0.48%/0.20%
Sample 12 | 0.34%/0.43% 0.14%/0.48% 1.13%/0.92¢6; 1.47%/1.55% 0.43%/0.43%
Sample 13 | 0.57%/0.91% 0.17%/1.38% 0.84%/1.25% 0.85%/0.92% | -0.24%/-0.30%
Sampie 14 | 045%/0.68% | 0.11%/1.05% 1.09%/1.03% 0.94%/1.00% 0.32%/0.00%
Sample 15 | 0.76%/1.40% 1.21%/2.94% 1.99%/1.81% 2.20%/2.08% 0.28%/0.14%
Sample 16 | 1.28%/2.14% | 0.43%/0.86% 1.27%/1.2 7% 1.53%/1.70% 0.429%/0.50%
Sample 17 | 0.99%/1.28% 0.41%/0.99% 1.43%/].24% 1.B3%/1.90% 0.54%/0.67%
Sample 18 | 3.70%/3.77% | 0.86%/1.19% | 3.56%/3.25% 3.29%/3.45% 0.719%/0.65%
Sample 19 | 3.52%/3.84% | 0.60%/1.04% | 3.14%/3.45% 3.48%/3.48% 1.08%/0.67%
Sample 20 | 3.29%/3.60% 1.03%/V41% | 3.07%/3.36% 3.35%/3.46% | 0.91%/0.45%
Sample 21 | 0.49%/0.55% 1.01%/1 .24%
Sampie 22 | 0.91%/1.18% | 0.85%/1.11%
Sample 23 1.20%/71.45% | 0.76%/0.84%

Comparative Example 6

This comparative example demonstrates that ene-thiol networks containing

15 significant amounts of oxygen ether linkages have poorer resistance to ink, solvent, and
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~Sanpl e 231. 20%.1. 45%0). 76% 0. 84% Conpar ative Examle 6 This conparative
exanpl e denpbnstrates that ene-thiol networks containing 15 signifi carft NOV 2003
anounts of oxygen ether |inkages have poorer resistance to ink, solvent,
and -20 GoNexs®903 WO 00/ 68297 PCTIt1SOQ 12732 wat er tharpcagdtoassk - 20.
Conparative Sanples CS | - CS 10 were nade by reaction of digoners 13 -
18 with either TALC or TAC as shown in Table 13. The sanple preparation
pr oceduratgiddandyeplenéd 20n Comprmtize Samplee CSoll vEBt 0 weat made myndadtivie of
resistange. . of e arat i a S e sh in Table 11. For each of
t hese sa%nlgqo&?rs @%é’@%ﬁ"ﬁ?%ﬁﬁ‘%ﬁ%@ﬂﬁgﬁw Hhoﬂ%'%% AMple hi gher t han
that shgppardliohghbRdd waklRsaMelilid B9amPk 65 AR IER FORLAL ;bﬁ'ﬂ}lé ALidGnmount s
of oxygen ether 'linkages is as high as 20 percent in water/n-butanol and
17 per cexiths gpmpakativesingleg greishoen iy Tatele Ol i For cveh oCrhessdaimphast Beossi i nkcr

Vi ght Wi t CS. 1Ajgoner 1311. 19TAC-- 0.60 CS 20 i goner_144. 10TACO. 77 CS
201§ oo mesnline 3 ats Rl ARHE 0L 35 1 g abinsiBa ShowT RSB | BT B PO AR, 164 06

gTACO. 8 ltai 7 | : TACL. 07 CS
301 1 omey g g el athads B bihet ool kg A3REsN A 20 veGh | yorer
184. 22T Ava09/relut@uaipad AV ippeeBanidle CS 11 denonstrates that an el astomer nmade
froma DVDO, a difunctional olefin, and a trifunctional ol efin has poorer
sol vent and noi sture resistance than sanples made from di nercapt ans

contai ning no oxygen ether |inkagesp,feggarative

Oligomer Oligomer Crosslhinker Crosslinker
Weight Weight
CS1 Oligomer 13 11.19¢ TAC 0.60 g
CS2 Oligomer 14 4.10g TAC 077 g
CS3 Oligomer 14 12.28 g TAIC 230¢g
CS 4 Oligomer 15 1493 g TAC 092 ¢
CSS$S Oligomer 16 406¢g TAC 0.80 ¢
CS6 Oligomer 16 429 TAIC (.87 g
CS7 Oligomer 17 17.38 g TAC 1.07g
CS§ Oligomer 17 1444 ¢ TAIC 090¢g
CS9 Oligomer 18 4.05g TAC 0.76
CS i0 Oligomer 18 422 ¢ TAIC 08l g

10
Comparative Sample CS 11 demonstrates that an elastomer made from a DMDO, a

difunctional olefin, and a trifunctional olefin has poorer solvent and moisture resistance
than samples made from dimercaptans containing no oxygen ether linkages. Comparative
Sample CS 11 was prepared as described for Samples 22 and 23. DMDO (9.03 grams),

15 CHVE (3.28 grams), and TAIC (5.46 grams) were stirred together 500 ppm NPAL and 0.5
percent IRGACURE 651. The liquid was poured into a 1/16 inch glass mold and cured.
The water/n-butanol and water uptake for this comparative sample, shown in Table 14, is
much higher than was found for Samples 22 and 23, which were made from DMDS and
DMDT.

20

Comparative Absorption Data

For the comparative absorption performance data, shown in Table 14, the standard

swelling procedure was used. The percentage weight gain for the inks was calculated from
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Sanmple CS 11 was prepared as described for Sanples 22 and 23. DVDO (9

grams). 15 CHVE (3.28 grams), and TA1C (5.46 grans) were stirred togeEtlHBHl]m
500 ppm NPAL and 0.5 percent | RGACURE 651. The liquid was poured into a
1/°16 i nchyd gyol d and cured. The water/n-butanol and ‘Eﬁf ‘#ﬁ%@ée for
this corrpara ve sarrpl e, shown in Table 14, is nmuch hi ghe 3 f ound
for Sanples 22 and 23, which were nade from DMDS and DMDT. 20 Conparative

Absor pti QRe F r nce d , Shown in
Tabl e 14, t%ﬁlgltaagg‘gé%@l ‘gﬂgw‘ gél%@o‘gée?@ﬁ @Hﬁaﬁ'sm %&fc'}ﬁ CB"erF%E t age wei ght
gain for nemgniagskwcmsgauahrcwbmt/&d)ufzrmrrbrﬁi{eﬁwh@él&@:ﬁ&i MEMQARé BsiRWng

PCTNS001 E ilf (,swol | en wei ght éOI’I gi nal wei ght)/(orl gi nal

wei ght). ﬁ’o P B&’mégr@é‘ﬁ‘i ﬁ@@“\)ﬂéﬁ’@%}’(dga down weighs) / Te dhtaiartbe dued wat er
- I | ht d dd

wor ght) | (o goCoBEals SABBIes T EY nE st BEaP o “omparat 1 ve

Sanpt es Cnbparatids ShihpleC® 16 miae drikd ford mw.S, and 5 Conparative Sanple CS 1
| was dried for 96 hours. Table 14 Water/n-butanol Water (7 Conposite (7
Cyan (7 day/15 Black (2 96/4 (7 day/ 15 day/15 day day/ 15 day)day)days day)
day corrected)corrected) CS 1 6. 12%.[5 %50{9‘1 33% 1.80% 5. 40% 5. 29%

5.58% 5, 37%
Water/n-butanol Water (7 Composite (7 Cyan (7 day/15 Black (2
96/4 (7 day/15 day/15 day day/15 day) day) day/7 day)
day corrected) correcied)

CS1 6.12%/6.25% 1.33%/1.80% 5.40%/5.29% 5.58%/5.37% 1.06%/0.57%
CS2 5.22%/5.22% 1.47%/1.96% 4.79%/4 .85% 5.31%/5.47% 1.619%/1.54%
CS3 5.05%/5.39% 1.40%/1 88% 5.02%/5.02% 5.52%15.59% 1.98%/1.67%
CS4 11.70%/12.68% 3.75%/5.00% 10.43%/10.71% 10.76%/10.70% | 5.10%/5.31%
CS5 6.83%/6.04% 2.82%/3.60% 6.1 7%/6.17% 7.37%/7.14% 2.94%/2.76%
CS6 7.12%/7.68% 3.04%/4.20% 6.70%/6.59% 7.37%/7.62% 3.56%/3.56%
CS7 | 18.02%/18.58% | 5.83%/7.10% 15.55%/15.49% 16.24%/16.02% | 9.34%/9.09%
_CS8 | 17.98%/19.62% | 5.50%/1.13% [ I1S.67%/1533% | 16.30%/16.30% | 937%/9.37%
C8Y | 10.50%/11.46% | 391%/5.01% | 10.10%9.97% | 10.88%/1 1. 87% | 6.699%/5.47¢%
CS 10 11.08%/11.37% | 4.07%/5.26% 10.84%/10.84% 11.03%/11.84% | 5.76%/5.26%
CS M1 4.68%/5.15% 1.94%/2.22%
Example 8

10 Example 8 is a comparison of selected samples having different amounts of sulfur
and oxygen present in the network. Example 8 features the water/n-butanol, water, and
cyan ink swelling of selected samples prepared from oligomers having a theoretical
molecular weight of 2800. The molecular weight between crosslinks for these samples is
approximately 3000. The swelling data for the selected samples is summarized in Table

15 15. Also included in Table 15 is the sulfur weight percent and oxygen weight percent in
the oligomer that was used to prepare in the selected samples. This example demonsirates
that as the weight percent of sulfur in the oligomer backbone increases and the weight
percent of oxygen in the oligomer decreases, the swelling performance of the network
improves.

20
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15

and oxygen present in the network. Example 9 features the water/n-butano), water, and

cyan ink swelling of selected samples prepared from oligomers having a theoretical

molecular weight of 830. The molecular weight between crosslinks for these samples i

approximately 1000. The swelling data for the selected samples is summarized in Table

16. Also included in Table 16 is the sulfur weight percent and oxygen weight pereent i

the oligomer that was used 1o prepare in the selected samples. This example demonstrates

that as the weight percent of sulfur in the oligomer backbone increases and the wei eht

percent of oxygen in the oligomer decreascs, the swelling performance of the network

improves.

Table 16

S Weight
%

O Weight
%

96/4
water/butanol
(3 day/7 day)

Water
(3 day/7 day)

Cyan
(2 day/7 day)

CS2

21

17

5.22%{5.22%

1.47%/1.96%

3.31%/5.47%

Sample 19

28

13

3.52%/3.84%

0.60%/1.04%

3.48%/3.48%

Sample 3

33

7.4

2.01%/2.35%

0.63%/1.09%

2.22%/12.53%

Sample 16

36

4.2

1.28%12.14%

0.43%/0.86%

1.53%/1.70%

Sample 11

41

0.58%/0.95%

0.30%/0.73%

1.55%/1.69%

20

Example 10

Example 10 demonstrates the low moisture permeabilily of thioether containing

networks when compared to similar networks containing oxygen ether linkages. In each

sample, a difunctional mercaptan was mixed with either TAIC or TAC, 0.5 percent

-23.

one T nereases—ant—the—mei ght
the swel ling performance of
20 6 NOv 2003 WO 00/ 68297 Table 15 PCT/USOQ 12732 S



%Whut anol swel | (7 day/ 15 day(7 day/ 15 day) (7 day/15 daycorrected)

corrected) CS 118176. 12% 6. 25%. 33% 1. 80%. 58% 5. 37% Sanpl e 6 NOY 2003
1826113. 709%.3. 7790. 86% 1. 1998. 29%«/ 3. 45% Sam | e
1298. 72. ¥0P60RsNBYO, 90% 1. 319R2. 45% 2. 38% Sanpl e PCT/US00/12732

153350. 76% 1. 4094.. 21% 2- 9492. 20% 2. 08% Sanpl e
9380. 880/61%’ 1794.20%. 2. 8092. 29%12. 40% Exarr]igl e 9 Exanple 9 is a conparison
of sel edt bolglaﬁ‘ﬁr 28din e cases $0 ppin NibunThe simples were migecavhdravghlyen

t t h / t anol t
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t heor et Ibtabeenmbég@hﬂs prane&ahamhd@&erﬁ&gtedT\hﬂq M&@MB@WM@ 19k “}af‘é é@ﬁﬁﬁlg ot
al a or

crosslinks for these sanples is approxinatel e swe
t he sel dWtsPacesHIRA! werejapprodimalely Acanlp tthITabTh; \am@Ieths'othenmhuadémrbmghTﬁbl e 16

he nt .and ox rcent I gomer
t ha V\ﬁ?ﬂlﬁsog(f‘ r%k%?tgbiaféﬁﬁn fre u%f (5‘ ‘é‘!frr&t”gg’ ‘fﬁpg"@&%fﬁ)@égg]@%mgt rates
that as gshes\ew }ﬂfb'toﬁﬁﬁﬁ)i?Wer@éuré&'MtHrlhé FUSIl(g]‘pD(BIU 9%5@2@9 rl"aﬁnl creases and

t he wei ght &'rcent of oxygen in the ol igoner crea I'1ing
per f or r’r&ﬁé—b‘\ RE8d9 ﬁethnmhlmommpuooms: cut&d Wabhle RiBids V‘bughtSa&p\MlzghBQ%/ 4

Wat er an_%mat er.l hut anol (3 da day/ 7 da 3 day/ 7-da CS
221175%&%?"?5’%”11 Y 08YETS PY 8‘“& é}ﬁé}ﬁ? 1% 2 Y )

1928133.52%3%3,%&@% 136085 BRYA 3n 4EIPNIIIR '46 “ "
3337. 42. 01% 2. 35% 63%% 0902, 2204 2. 53%% i standard” circular die 75 mm

16864, 2an gmezermmszr@%p@m%p@ss@wma@%osaﬁm gamples ranging from 80 to 150
11410. 5%1{cpons ?h 9( 319 J‘é:ase ?1:131%% wert% u':;l'edG(g%%oth sides of the spec;men to make i{ easier lo
handle and measure. This “sandwich” was measured in 10 Jocations, ang the average net
film thickness was recorded.
The specimens were carefully removed from the liners and placed onto
15 Muoreclustomeric gaskets with an outside diameter (0.D.) of 75 mm, an inside diameter
(I.D.) of 63.5 mm, and a thickness of 1.5 mm. The gaskct and specimen were then placed
onto the flanged rim of an aluminum permeation cup containing 100 mL of deionized
water. The cup has a volume of 250 mL. A second gasket. 3 mm thick, was placed over
the first gasket and the specimen, and a 75 mm diameter picce of window screcn was then
20 placed on top of all three. This screen served to prevent stretching of extensible materials,
The gaskets, specimen, and screen were held in place by a circular aluminum ring
with an LD. of 63.5 mm and an O.D. of 88 mm. Along the outer edge of this ring were six
evenly distributed threaded holes, through which screws pass into the flanged rim of the
cup. The screws were loosely put in place and the entire assembly placed into a 40 °C
25 oven. After allowing the assembly 1o equilibrate for | hour, the screws were securely
tightened, the cup was removed from the oven, and the initial weight was taken. Weights
were taken every day or so for the first week, about every third day the second week, and

about every fifth day thereafier.

The permeability (g-mm/m2-day @40 °C), or moisture vapor transmission rate,

30 was calculated by multiplying the film thickness (mm) by the total water weight loss
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Table 18

TAIC | TAC
4.67 g --
- 488 ¢
461 g -
230g

Initiator
651
819
651
651

Dimercaptan
DMDO
DMDO
EBMP

Oligomer 14

Weight
511 g
536¢g
6.63 ¢
12.28 ¢

NPAL
yes
yes
yes

no

Permeability
55
52
59
99

CS 12
CS 13
CS 14
CS 15

Example 11

15 Example 11 is a comparison of samples containing different weight percentages of
sulfur and oxygen in the network but containing the same molecular weight between
crosslinks. Each sample was prepared from an oligomer with a theoretical molecular
weight of 830 and TAIC as the crosslinker. For each sample, the molecular weight
between crosslinks is approximately 1000. This is important because the crosslink density
20 of the sample greatly affects the permeability of the sample. The weight percentages of

sulfur and oxygen in the oligomers used to prepare the samples as well as the moisture

225



tighten
t aken.

third day the second week,

per meabi k¢ woidg@em? n2- day @O0 C),
was cal culated by multiplying the filmthickness (mm by the total

wei ght

(day).

ed,
Wei ght s

and

the cup was renoved fromthe oven
were taken every day or so for the first week,
about every fifth day thereafter.
noi st ure vapor transpepgaiseirst e,

or

and the initial

| oss -24 6 NOV 2003 WO 00/ 68297 PCT/ USO4/ 12732 (gran),
by the geemesilitylaee fepbmed(if TRERU7 THE)dagnd TubR MURIEkC MK

The perneabilities of Sa

les 24 -

32 are shown in

abl

wei ght was
about &N} §ﬂﬂ3

The

30

wat er

and di vi ding

reﬁbqﬁm by 24
e 17 Tabl e

17 5 Di r?érsela plea AYwAIGHE e samerogsink m:rusnatvenmrnﬁcmgmnh thy wegpht Sanpl e

24DVDSS.
| 8. 480.

47. 96 g-mdreisl 266 HENOEBh

oner

613. 092. 61--651N01

gt TotMi e el b i

lYesl7
R6’§S“

g

260 i
BC]i

oner
oner

mhﬁiemﬂyﬁMécéﬁeﬁ%

Sam

31digonmer 97.25

42- - Gﬁ[?NOSS Sa

Ie 300 i

32Q i gomerreags. Ths.cxgmplesienonsiraBsitpairtht mpesuib @nmaabmty'rhf aeathinpar at | ve

exanpl e _denonst r

cont ai niMY erYy ﬁ‘irﬁfee]

Sanpl es tl?élamou?rﬂ of
nmeasured as 10 described in Exanp

bl

1 o Enisf e B gl

ability of
dbiopthenlifges admeyaiiized to

CRyRARMe! HEk580R! BS biRbdre.- CS 15 were prepared and
| e 10 and are summmari zed in Tabl e 18.

sanpl es
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Table 19

S Weight %

O Weight %

Permeability

CS 15

21

17

99

Sample 27

33

7.4

33

Sample 32

36

4.2

24

Sample 30

4]

0

18

10

5

20

25

Example 12

Example 12 demonstrates that the odor of thioether oligomers can be decreased by

the removal of volatile components. An oligomer of DMDS and CHVE having a

molecular weight of 1700 was prepared by the thermal procedure. This oligomer (320

grams) was heated to 80 °C and was dropped into a UIC rolled film evaporator. The jacket

temperature of the column was 100 °C. and apparatus was under a vacuum of 0.009 mm

Hg. Two cold traps, a cold finger with a temperature of 20 °C. and a liquid nitrogen trap

to protect the vacuum pump, were used. The rollers were set at a speed of 300 rpm.

Following this treatment of the oligomer, 2.0 gram of material were collected in the cold

finger, and 3.3 grams of material were collected in the liquid nitrogen trap. The material

stripped from the oligomer was analyzed and found to contain mostly residual monomer

and cyclic impurities from the monomer. The odor of the oligomer was significantly

reduced. A second treaiment of 225 grams of the oligomer was carried out with a column

temperature of 150 °C. An additional 0.22 grams of material was collected, and the odor

of the oligomer was reduced further.
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CS 13DVDCh. 36 g--4.88es81952 CS 14EBMP6. 634. 61--yes65159 CS 150 i coqfﬁ
1412. 28 g2.30 g--no65199 Exanple 11 15 Exanple 11 is a conparison of 0 NOV 2003
sanpl es containing different weight percentages of sulfur and oxygen in

t he net wawdxodssgeocont ai ni ng the same nol ecul ar wei ght bet Weaeflussness! | nks.
Each sanple was prepared froman oligomer with a theoretical nolecul ar

wei ght of 830C§t96;ﬁllngsqthe r.0 sl'ﬂger. for_each sanpl e, the nol ecul ar
wei ght  bet ween @ FELePPiRY s wilip thedofiawmeriaimpy oWhitp the ipveniiombasthess  because
the crossgkichbed'@ns rdfdrerd @ thetpaRiciRIPL, l ermeabi | ity of
the sanple. The weight perce%?gggs ofSmgﬁﬁﬁﬁfmgﬁéagééggHgﬁhﬁFﬁgqﬁTigoners
used t o pSPiEpelie irventinariphetso dimivd bhd Bsiefifal hs bpdeBded?Baifs NOV 2003 WO

00/ 68297 PCTI USOQ 12732 perneability are reported in Table 19. The data in
Table 19 indicate that the perneability of sanples containing the sanme
crosslink density varies significantly with the weight percentages of

sul fur and oxygen in the backbone. As the wei ght percentage of sul fur

i ncrease and the wei ght percentage of oxygen decreases, the perneability of
the sanple 5 decreases. This exanpl e denonstrates that the noisture
permeability of ene-thiol networks can be | owered by maxi m zi ng the anount
of thioether |inkages and mnim zing the anount of oxygen ether |inkages
in the backbone. Table 19 10 S Wi ght % Wight %erneability CS 15211799
Sanpl e 27337.435 Sam | e 32364. 224 Sam | e 3041018 Exanple 12 Exanple 12
denonstrates that the odor of thioether oligoners can be decreased by the
renoval of volatile conponents. An oligoner of DMDS and CHVE having a

nol ecul ar wei ght of 1700 was prepared by the thermal procedure. This

ol i'gomer (320
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15 grans) was heated to 80 C and was dropped into a UCrolled film
evaporator. The jacket tenperature of the colum was 100 C. and appal M0N0
was under it vacuum of- 0.009 mMmm Hg. Two cold traps, a cold finger with a
tenperature of 20 C, and a liquid nitrogen trap to protect the vacuum
punp, were used. The rollers were set at a speed of 300 rpm Fol |l ow ng
this trea . the oligoner, 2.0 gramof material were collected in the
cold 20 fi{‘flggdgis,aglrﬁcf 53 grans of material were collected in the liquid
nitrogen trap. The material Stripped fromthe oligomer was anal yzed and
found to contain nostly residual nononmer and cyclic inpurities fromthe
mononer. The odor ofA elreblecpmprsitiomér msikgng fni emrthio} elasteotisr edknprsisge ond
treatment?lg{l 225 grans of the oligonmer was carried out with a col umm

t enperat u of" 950 C. An additional 0.22 grans of material was coll ected,
and $he odor 25 of ()he QlthiaPiERmindes &@@Hﬁ%éoﬁ%ﬁiﬁffhﬂ@dﬁ@{ e o
00/ 68297 PCT/ US00/ 12732 Ot her enbodi ments are Within the fol | ow ng cl ai ns.
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not so lini tedg’é%ff%l%\‘év%‘zﬁaniﬁc VPR e%%‘%(ﬁ‘dél Wé’?"hépﬁb%“? 3 What is
claimed is:' Ildinfercapiodit@yCaRas 1ts-Bindi@dpidBle dhiRR 18 pbphfl1 ghast oner
comprising a mxture of: 5 (a) a thiol termnated oligoner conprising the
reaction produbithioh;1g-bisliPyrercamtoataxiithip)-Brmerchptoprogans; girakistl -mefdapiot

| _ o _ t
Carkon bonds wher S eRANEERE e ARG oL Sh b UG LR gl " 1

-1, 8-dirrercapt o- 3, @)di t hinsieeire BLdifRictipAlemnd tRfudctidal ﬁ&]k@‘lch, wherein at
1, 2- bi s[ (2- mer capt oet hgpl.{\) t hi n] - 3- ner caFt((t)fpr opane; tetrakis(7-mercapto 10
2, 5-di t hi ahept }FRimoRsTSH fonctionyliegaiyalents of uasatirategcagbop darsanhan berdsi@er eof ;

and (b) a m XfrHﬁﬁﬂ?@ﬂEBMﬁ%hﬁ%@%t U%@Quﬁ{ljrﬁfaﬁtcmgﬂlto Bb s, Wherein at

| east 5 percent functional equivalents of unsaturated carbon to carbon
bonds are from pol yenes having at | east three unsaturated carbon to carbon

b .15 2. T ition.of claiml . wherei id first pol
conbii ses ai 1y vitRS FombfTyeh oy Suf aRepllveed Sty S0,
cycl oal kevigyl, abiyl dthet A}yl estel, viroediendeyror, cyaeﬂmﬂy@tdrmﬁthywl%ﬁpoﬁndsﬂie

conposition qQf claim1l wherein the first polyene is 1,
P combcinat%ons thereof. oLy

3. The composition of claim 1 wherein the first polyene is 1,4-

20 cyclohexanedimethanol divinyl ether; 4-vinyl-1-cyclohexene; 1,5-cyclooctadiene; diailyl

phthaiate; or a combination thereof.

4. The composition of claim 1 further comprising a free radical initiator.

25 5. The composition of claitn 4 wherein the free radical initiator is UV

radijation active or thermally active.

6. An cne-thiol elastomer comprising the reaction product of ¢laim 1.
30 7. A curable composition for making an ene-thiol elastomer comprising a
mixture of;
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20 cycl ohexanedi net banol divinyl ether; 4-vinyl-I-cycl ohexene;

1, 5-cycl ooctadi ene; diallyl phthalate; or a conbination thereof. 4. EE@ 2002
conposition of claiml further conprising a free radical initiator. 2. g
The conposition of claim4 wherein the free radical initiator is W

radi ation active or thermally active. 6. An ene-thiol elastoner conprising
the reaction product of claim1. 30 7. A curable conposition for making an
ene-thiol el astoner &bnpra pélpthid fremiof hydrephilic grdlfps GndpwiROO3edsBiwdthiol

pol ythiol free of hydrophilic groyps.and havjng at |east two thiol groups
wherein the polgy??‘}ﬁ%%"’i’ “&#%@Mdﬁﬂ@%ﬁ?t%lgm&!ﬁ% BBdiimeiceptptdsh-3, 6-
dithi aoct ane; RiBRABENL: omadel 3 Bllhidi: 2o Bi$h(Ae t hwl )t hi o) - 3-

mer capt opr opane; tet rakié( - mer capt o-%fls% gisﬁ[zarla%%g;&%ﬁlg@ﬂ?ne;
trithiocyanuri écrepseprapanss tearabis(ineakpor, 5 iithadépiyhmethaly); tBhicy i C,
hetecocyclic, aliphatic, ,or cycloaliphatic polyene having at |east two
reac?i ve unsat GFlgt &44¢& P‘S&}}?‘-‘Pgﬂbﬂé‘i oR‘“ﬁonds. 8. The conposition of claim?7
wher ein said pol yengbronehizs@said, b¥lerocVERY kiinhakd. & dv¥ ) | ester,
vinyl ether, styryl, cycloal kenyl, or n‘et’h)l%crw cgrriggﬁu%%gfpgﬁlehg

conbi nat i BHENE REleas two geactiMe unwyTeisH ckdinn 66 casban bes@swher ei n t he pol yene i s
triallyl-1,3,5-triazine- 2,4,6-trione; 2,4,6-triallyloxy-1,3,5-triazine;

1, 4- cycl ohexanedi nmet hanol divinyl ether; 4 15 vinyl- |-cycl ohexene;

1, 5- cycl ooct adgene; The@binpbsinbh baIaS 7 vHerdn SATRLRALE - aﬁét g The
conposition _of claim7 wherein the pol yer%allls ?m%%u%%’%% c%l ‘flléglé
havithg t wellxletheri allyl gstsmvinyhedr, stwrponyd ealkeauyh on (ethiierd cemponndsysémne havi ng
three re \A}]i\ﬂgﬁ&m.stﬁ%r%ﬁt ed carbon to carbon bonds. 20 11. The conposition
of claim erern € Heterocyclic polyene is triallyl-
1,3,5-triazine-2,4,6-trione; 2,4,6-trWyloxy-1,3,5-triazine; or a

conmbi nation thgreof, 12. The conpgsition of claim?7 further conprising a
free radical initiatBF SOBBosition qhrlaisy ikberein te polyeot i tialld- WhSrsazine-he free

radical inafel@ione; 1,8,6MaRpbky 3, 2hridARE TRLLMIBEL ik imethanol divinyl ether; 4-

15 vinyl-1-cyclohexene; 1,5-cyclooctadiene; diallyl phthalate; or a combination thereof.

10.  The composition of claim 7 wherein the polyene is a mixture of a polyene
having two reactive unsaturated carbon to carbon bonds and a polyene having three

reactive upsaturated carbon to carbon bonds.

20
11. The composition of claim 7 wherein the heterocyclic polyene is -trially]-
1,3,5-triazine-2,4,6-trione; 2,4,6-triallyloxy-1,3,5-triazine; or a combination thereof,
12. The composition of claim 7 further comprising a free radical initiator.
25
13. The composition of claim 12 wherein the free radical initiator is UV active
or thermally active.
14. An ene-thiol elastomer comprising the rcaction product of the composition
30 of claim 7.
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14. An ene-thiol elastonmer conprising the reaction product of the
conposition 30 of claim7. B NOV 2003 15. An article of manufacture 6 NOV200]
conprising electric or electronic conponents encapsulated in the ene-thiol
el astomer of claim6. 16. An article of manufacture conprising electric or
el ectroni c conponents S encapsul ated in the ene-thhol el astoner of -elaim

14.
153.  Anatticle of manufacture comprising electric or electronic COmMponents

encapsulated in the ene-thiol elastomer of claim 6.

16. A article of manufacture comprising electric or electronic components

5 encapsulated in the ene-thiol elastomer of claim 14.
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