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10 EP O, ble 1l Lot Mol-9%-—\E %
Thermgl onpégWgeak) (@) Meltot oWUnseﬁhTﬁe'd’Rﬁet@G@( 5) N!?F?é’"f%&ﬂ?ﬁﬁf ‘Rilve)
0.0 0.0 None (compa% 3270 0.0 3@’%{23)02) -283(302)
[ CpFe( et a6} meedstad)gne) +)|{BFdle Q05| 0.6 108(123) 179(194) g7(118)
105(131) [CpFe(CO)2]2 0.6 0.8 101(110) 89(102)
CpFe(CO)2SnPhs 0.4 0.7 - 173(187) 89(122)
50 CpFe(CO):Cl 1.8 1.4 ' 88(99) 81(90)

The data of Table IV show that the neutral organometallic compounds were effective thermal and
photocatalysts for the curing of polyfunctional cyanates. Furthermore, the data show the nature of the
ligands attached to Fe affected the thermal and photocatalytic ability of the complexes. Cp* see Example 1
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[ CoFe(etab -mesityl ene)+]AsF6 0.5 0.8 177(204)

87(115) [ CpFe(etab-nesityl ene)+JG3 SO03 0.8 1.2 . 174(196)
87(114) [CpFe(etab -nesityl ene) ebffses-073B16 0.9 191(197)
85(113) 10 [CpFe(etab-nesitylene)+] SbFs- 0.7 1.3 175(189)

84(111) The data of Table 11 show that the catalytic activity of the salts
of or ga¥WPLBR] i ¢ conpl ex cations was not greatly affected by the anionic
counterion. 15 EXAMPLE 3 Three organonetal Iic conpl exes of the general
f orvul a_( 8 aeiplaigasemeialis carbeyl ograppungs eets) ayalated; as catalysty feflevingsthejerseadimdnd i n
For mul eEpmil rle Havda DRasey cRplvEnSrscwithapaloss sanging [iram aigest Rlack) foppaia) aneer grereRedipl e 1.
Hard8 QPBoed Thorepdis piestamaizehindabie¥s>elodngi ng from al nost bl ack to pale

anber were again obtained. The resul tg LA € sumari zed in Table 1111, bel ow
Table 11l 25 Cat al yst Mol % W % Ther mal onset

(peak) ( ,Q Phot o onset (peak) (* C) None (conparative) 0 0.0
307(327) | Catalyst BB POR% ( cTrmbnalvrSst (peAKREC)JO)PHeth Biiset (peak) (*O) p 0.8
203(Z216) - ST, |qo|—e( PFG - — 110
155(187) | wiooe o | 3 6(1 ;3 $0 ggcqz (Pph3)§§2{§3§g 1b.3

0.7 Rus (6 224) 09 90(1]7 Thi s exanpl gggpsgys thal the
(et a5- pert pglicopy! ) Fe(L2) ng cpngsb exes vverﬁ5@§1 ective| t her naygepd
phot&catelmszt(@o)foor thejcusi ng af pol yf unabpsopal cyanat es. ofurzh hernofe t he
nature of| EhEdn.gands at iachpd2so|the Fe sd@dapct ed the theramds) and

phot ocat gl F:(00kabi | i ty|oft2t hg t®nmpl exes. B8HBFEXAMPLH 4 Four sa@mt r al

or ganonetartiT corrpounas WeT e eval uarted as_catrat ysrs fortowmng the

pr ocedur epigNykXa AR th B0 RA OB S el ibd dleWadiyb@ e FOmbeam
al D" e R kaloR oPA ﬁnasﬁ?fna WG, G LbuE ﬁhfw&ien fi SAE?&:%M iy St Rlafoaront

summar ipmdhis Brampl it th nathts bk mdtaildkistdd\the'catalytic actifid lexes. Mol %
W % Thermal onset (peak) ( Q) Phot o onset (peak) ( (g Non

( conparexampes 6 0.0 0.0 . 307(327) 283(302)
(Cp*Ee(CO 2 2 0.6 1.0 106(123) 97(118)

[ CpF&( CO) Bje2neutral organdfhefallic conthofinds were evaluated ad @4téhist:Ofpliowing the procedure in Exdfel 02)
CpFe( CO) ParBnghis8y polymdds #ith colds Fanging from almost kiag (o1 @if) amber were again obtainedg Bifel 22)
50 rew aOnRrigd in Table VI, blog. 1.4 88(99)

81(90) The data of Table |V show that 'the neutral organonetallic conpounds
wer egef fective thermal and phot ocat d@Y8¥s for the curing of pol yfunctional

cyanates. Furthernore, the data show the nature of the 55 |igands attached
to Fe affeﬁﬁlﬁd the therrahoa dwp}ao omamlahtsétqpeablﬁmtyPBcftoﬁd%a(ﬁéaml'@x s. Cp'
see Exanp =P—0—3p 1 3 KANVPHE > meutTiat—ot ‘ tatt
car bonyl ¥gl 0SS cata‘ay foll qw ng e% oceduye in
Exangl e PEynMers, Wt h col1g - angi ng fromﬁy t black t o
pal e an gt i nfl. | The rqg 53 are qumnar iigg g n Tabj e V,
bel ow. T &E Cajql Vist1g 120(fdsye W %0 The( 71 onse
(peak) (| égmncdifiot o onspt ggpgakiz () C) NO@%(éﬁPWDar atfi ve) 99(&2}3 0 0
30R(327) 2833027 V‘ . 25
i;;gggg) The data of Table VI sl]\'92 t@éﬁx llic compounds Qv lZlctwe ga?;a sts for the
176( 18 ermal polymerization of dicy % %Cmimt e présefice of li ditionally,

e data of Table VI show th 3(?9 lof the pilyeé]e aﬁecé ther r
145(15 d photocatalytic activity of th (n
88(94) 90(95) Fe2 (CO)s 1.2 1.5
83(88) ExAMPLE 7 83(97) The data of Table V show that the netal

carbonyl conpl exes were active catalysts for the thermal 20

pol yner i zedut orgardmedlic yahmlress camslnind)Adlogh figandsewete evaluaied iay eatalystst oMwing @wence
of | i glpracedietdin tBixandd 1.\Hard, plassy palppers @i colors ranging from almost black to pale amber were
50 again obtained. The results are summarized in Table VI, below.

56
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fromthis exanple that the nature of the netal affected the catalytic
activity of the conplFexes. EXAMPLE 6 25 Fi ve neutral organonetallic
conpounds were eval uated-as cat alggp 364 0498 Nng the procedure in Exanple 1.
Hard, gl assy polymers with colors ranging fromal nost black to pal e anber
were again obtained. The results are sunmarized in Table VI, below Table

VI 30 Catal yst Mol % - WTgbleMier mal onset (peak) (10O Phot o

onset (peak) (1C) None (conparative) 0.0 0.0 307(327)

igﬁggg égtglist WY\(: EE))A;SEIM Mot% | Wt% ] Termal oRseP(peak) (* ¢ o), mn 3}&3@2&96 )
[ \ ™ =) I

114( 150 { 80, °° 6.5 30727  1gh( 553983(302)

103% 1573 (@8 db)f(g%’”k"'*l"s"' 193 |18 2258 12 9% 1457246

101(141) ‘1’ 3 1a 1.7 0@ 24p(2701%% 7§|

99(132) 4 1 abl e Ml €h¢ V\}r%rat th 7£ral of gano ég I C

con‘poqud ?Atnanrpf-:-c!!ang}] gélkﬁr al ySt so Ol 'rhpr lvierl zation

di cyanates and that they were nore effective in the presence of |ight.

Addi ti onal [The dattef Tehie Y1l ghowthas lhaloggn caaining: digenometallicrsampguadsgfere aptivaratalysts fond

t he nat uthe thefmal H@V'%F%ﬂe'h@f digyqnates andl thal they werp ﬁﬁ?ﬂ"adﬁt REgpemenef dok+Additienaly, § t y
of the cl§ifppasabiom desedaie it dhenaiurs of “l?r'@%?\é‘i‘f‘b?‘%lf‘?“i"&° Berpslipry dodeahiferted the
hal ogesn FHTARASMEY Be&9mPRet-ed as catalysts foll owing the procedure in
Exanpl e émm cg gl assy polymers with colors ranging fromal nost black to

pal e anb Fe 50 again obtained. The results are sunmarized in Table VII,
bel ow. 55 FhrathorG 92§n YJ ke C;@tcatL s?é

e other-prgano li a d | follow the procedurs i ample
VL% L Fovr ‘aragaﬁ,o@née w.mQ& k'bg walisrc othhE?
( CQUPA? afesM bre summarized in Tabld vl , bel (302)
[(etab - C6 Hr ) Ru( CHeCN) 2ClI +] ASF6- 225(269)
224(260) (CO's ReBr -rab|96)|||9 1.3 189(234)
185(217) (q)) 2Ti (C) 2 1.2 1.0 208(227)

Pﬁo orgséi (pJak) (*C)

163(188) —p—cymeme RotCH 22—
144( 16@) ﬁ%‘ﬁyfﬁe data of Table Vi |sH3% P\vé? 1aTh§rma'°£)%t
or ganonetallic conpounds were actilve catalys

pol ymeri z&%emmcﬂfatdb)cyanat es and f{h&0 t Hezgnwbreml?ﬁ?@ctl e |1 n28H¥2hr esence
of 1i ght] (GRR®PIIPGAal l*if‘ s appar@dt fr he39@8@t a |t hat *2RYU28Kt ure pf
the ngj afl (MeERMNEORNR IFe™ of t he arpcﬂﬂl ary‘-’l"i ganﬁpéf’(za?)f ected tR23A%) catalltic
activityl W’l‘?’%"%‘é)ﬁﬂ?@xes EXAMPLE ri 1e;"bt her 2 1 no tall félg? oundks
were eval as cata S, | ofi g ne"prpce )in [Exanpl 1. d,
gl assy ’%“Whﬁ" "ng/g%%zlipgh rom mﬁst ‘f k tlo palq1 Er wer
again o ,‘_I;he results are sm‘qquze [ VII, bel, abl e |1
25 @at Vsl 148 Therrrq 0(%%& oto
onset. (g gﬁéﬁ szuksﬁ@;o??zf X %Om&%w;‘a o som s 0.0
2' L 5 The data xf M provide further 26 0 &d% AN A
0 3 = 40 12;6?2%';‘:;:"'%@@%63 ations, which were gly ar cyclotnmenzatlon
3.8 éThe data &s@%hé&%@complexes contau&r@%ela? gl)(yl sigma bonds were effective catalysts.

EXAMPLE 9

45
Six samples were prepared as in Example 1. Sample A oontamed bls(4—cyanato-3 5-dimethylphenyl)-
methane alone.
Sample B contained
bis(4-cyanato-3,5-dimethylphenyl)methans (0.3010g) and CpFe(eta‘-mesitylene)+CFa SO;3~ (0.00360).

50 Sample C contained

bis(4-cyanato-3,5-dimsthylphenyl)methane (0.3772g) and CpFe(CO)z SnPhs {(0.0033g).
Sample D contained 1,1'-bis(cyanato)biphenyl alone.
Sample E contained 1,1*-bis{cyanato)biphenyl (0.1494g) and CpFe(eta‘ -mesitylene)*CF3S03~ (0.0015g).
Sample F contained 1,1'-bis{cyanato)biphenyl (0.1290g) and CpFe(CO)2SnPhz (0.0022g).

65 Thres samples were prepared by dissolving catalysts into a liquid dicyanate resin (ESR-310™, Hi-Tek
Polymers, Inc.). Sample G contained ESR-310 alone. Sample H contained ESR-310 (1.4804g)and Fe2(CO)s
{0.0048g). Sample | contained ESR-310 (1.2001g) and CpFe(CO).Cl (0.0030g). All nine samples were
evaluated for catalytic activity following the procedure in Example 1. Hard, glassy polymers with colors
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[ (et a6 -hexanet hyl benzene)2 Fe+2][PFs -2+« 0.5 -. 1.1 222(236)

150(186) CpPt (CH9)3 ° | 3.5 3.9 137(177)
140(180) 35* CpW CO) 3CH3" EP 0 364 073 B1 1.1 1. 4 183(210)
137(197) [(Cp) Fe+] AsF6- 0.7 0.9 105( 150)
110(153) [ (CpFe)2(eta6-fl uorere)+2][AsF -12 0.3 1.0 160( 174)

87(114) "F19bo Falzpimast flagk t pote| ambpr ware dgair ehitdineds TreX8stRd 6% sOhmENB@RCTERILak! i C
compound®®¥i ncl udi ng salts of 40 organonetal |ic conplex dications, which
wer e“ef fective thermal and photocatal ysts for the cyclotrinerization of
cyanaies. The data al so show that conpl exes containing netal -al kyl sigma
bonds were effective catal ysts. EXAeBllEe IX5 Six sanpl es were prepared as
in Exanple 1. Sanple A contained bis(4-cyanato-3,5-di net hyl phenyl)- net hane
al one. Sanpl e B cont ai ned bi s(4-cyanato-3, 5-di nget hgl ?enyl ) mshhane
(0.3010g) and CpFe(et a0- mesi tyl ene) +CFsSQB- (0. BB 'Q;. 50 Ph8ippie C

cont abned bi s(4-cyanat o- 3, 5-di net hyl phenyl ) net hange€0. 37729) oasét

CpFe( CO) 2SnPh9( 0. 0033g). Sanple D contained 1, 1¢ -p{,ﬁécyanat@ ggﬂgenyl

al one. Sanple E contai ned 1, 1" -bi s(cyanat o) bi pheﬂy 0. 14944q] , an
CpFe( et a@ﬁﬁﬂ- 9yl S03- ( ). Sanpl e—£-€bnt ai ned-{_€)

1,1' - bi s(cyanat o)NznEhenyl (0. 1290g)) 4-acylartiptes CR50P08) (0. 00228) 3185
Thredssanpl es were prepared by jii§_s(?)i‘yé ggt alysts into a |iquid dicyanate
resin (ESR-310Tm Hi -Tek Pol ymer’s, nc.?.gy anpl e G contai ned ESR-310 al one.
Sanmpl e H cont ai ned ESR-310 (1. Ry hHEE H3R€0) s (0. 0048g). Sanple |

contai ned ESR-310 (1.2001g) and CpFe(CO:2CI (0.0030g). Al nine sanples

were eval ugted f t tic agtiVviiy.d, i n cedur 4] mple 1.
Harek” gl as;%y pol yr?et%g( e\?\%%‘h col ggrlsgldl{{ CJQ'H-"@%A 3%&6%%%8 r ang?%g?%r@é% al nost
bl ack to pal e ani@&sitailenghai n dtz#HR&EMMIre results are summarized in

Tabl e 1 X, bel ow. CRylgiog -4 X Ther pienyl ) métitde 10

onset onsef (peak) (peak) Sanple Catalyst Mononer
(00) 25 (O A None bi s(4-cyanat-o- 286(340) 293(318)
3, 5-di met hfl - ph&pfele@hane adds{4-wyanatepreddt 6342)  bi stA9634R4t o-
202(217) 10%@1&‘;) mesi tyl e\@B-dime thyli«ret hyl - CF3 so03-
phenyl ) net hane 25 C OpFe(ﬁ:ﬁZe;,_1 l)lﬁg%&cyanat 0- 231(242)
109(140) SnPh3 3, 5-di RRAY phenyt et hane 30 D None
1, 1's0bi s- 153(187) 160(185) (cyanato)- biphenyl 35 E
CpFe(etab-p 1, koles  1RACL8s-  128(xis¥Y18vEpi tyl eped{185)
(cyanato)- 40 CF3SO 3( ql phenyl
cyanato)-~
biphenyl
35
E CpFe({eta®- 1,1'-bis 158(185) 128(134)
U mesitylene)” (cyanato)-
a0 CF, S0, .~ biphenyl

50

55
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45 50 55 14 EP0364073 Bl Ther"r'ral Phot o onset

onset 5 - (peak)
(peak) Sanmple  Catal yst - EP 0 364 msﬂer (00

(00) F- CpFe( CO) 2- |, 1" -bis- 130( 160)
128(134) SnPh3 (cyanat o) 10

bi phenyl G None ESR- 310 89)
257(298) 15 H Fe2(CO) , ESR- 310 Thermal 2(110)
87(401) | CpFe(CO 2 C1 ESR- 310 onset oaEert] 0)

86(104) * 20 The data of Tabl e | X show that a varipelak)of cyangeakypnoners

were clured,t hernal hot ochgmi cal |y by t he or,ganonetal | i gecat al yst
system 2 EE npl e cgﬂ-ﬂgﬂﬁ-ﬁ ef-(—-g&)FeCO C(% 2p2==4 .0 g of
2, 2- bi s(4- cyBnat o@héqycvmﬁpane lakd- me-m of gd3Rd 6@y ol ad2éd 3k
prepared and placggphn a 90 * C Q¥9BnatBg-sanpl'e was periodically observed
and wgg found to forma solid po rrgrlc mass wthin 52 mnutes. This

exanpl e denonstrated that [ CpFe( éo was a thermal catalyst for the
pol ymeri zation of cyanate nonomers and that the polynerization could be
carried out gn thgopeesence of sgbgegyo EXAMPLE §§3Q§ag) A samil(298)

cont ai ni ng 10 nmg of CpFe(etae-pyrene)rPF6- and 1.0 g

2, 2- bis(4- cyanat ophenyl ) propane was heated gently to 90 C C for two m nutes
to give a hdrogenkeu6C@p) uti on oESByah@te nonorer 92A10at al yst 87X Islanpl e
was placed in a 120 C oven and observed periodically. The sanple was found
to forma solid po nNeric ss Wit hip. 60 m nutes i xanpl e nstrat ed
that CpFe(et&6- pyt %S,C,@]:ﬁc' sEénfﬁégmal cat al ygg?ﬂ'ip?t he pol m‘lz)atlon
of sgy&hate nononers and that the pol ymerization could be carri ed out on 40
100% sol i ds co 05| tions. EXAVMPLE 12 A sanple containin

2, 2- bi s(4- J@g‘? r)g@ % 'Bat Mool ohiCYEaREOMA a'g'acwswg ‘thegpglly 139945
g of CpP¥¢ é‘?"}%" P tlicsCata ysﬂ/ﬂ?‘"ﬁl aced in a vial under subdued

l'i ght. E?A%ﬁ. Ie was gently warnmed (in the dark) to conplete dissolution
of thé®sé S and then was irradiated with Iight froma Kodak Carousels

Z[)(Sjrgifrr&;“& uﬁc&}mg@% %@3&?%%2%@&&%@% )Egiag'leaénd10ﬂof

M nut es. wéYodndedtohns akona POECHRRs BRTiFS2HhinARDTHRXERHIS bdmchGiktel 1 RraFe(cdﬂL e
dark; sb0wad & thHemfae catdlysy fob &ﬁ$otybheﬁz@ﬁﬂnd)f Runste R RdnRss Hdd&hhilltﬂe}’po@%@iaﬂtﬂ\ doH b8
whi ch waegariedlotin 48 pRéérdeBi@ivéitat |ittle or no pol ynerization had occured.
Thi s exanpl e denonstrated the photochem cal conponent in the catalysis of
t he pol yEeamBRLEtTMONn of cyanate nononers by CpFe(eta6-nesityl ene)+PFs-. It
al so showed that the photocuring could be carried out in the presence of
sol vent and saieie cortaiting @ mg of fipFelete’-nyerapiRFeT and Hkg péibiptfeayinatephenyilpropane was
EP036407¥8ted Exptlyie 80 C3foniwe anipsitas te givie & hemaggnepugsolytiost of cyanate menomer and catalyst.
2, 2- bi s( Ehecspaplatap Rlaced|in f 1245 §rauen ‘I‘d(?b?ﬂ"%f’eafgﬁ'ﬁw&-%ﬁzmﬁ wastfeynd to faiqya sqid
polymeric mass within 60 ‘minutes. This example demonstrated that CpFe(efa®-pyrene)*PF;~ was a thermal
s catalyst for the polymerization of cyanate monomers and that the polymerization could be camed out on
T 4 100% solids compositions.

EXAMPLE 12

A sample containing 1.0 g of 2,2-bis(4-cyanatophenyl)propane, 1.0 mi of gamma-butyrolactone, and 10
45 mg of CpFe(etaf-mesitylene}*PF;~, was placed in a vial under subdued light. The sample was gently
warmed (in the dark) to complete dissolution of the solids and then was irradiated with light from a Kodak
Carousel™ Projector (Eastman Kodak Co., Rochester, NY) while being held at approximately 100°C in an
oven.
The sample cured to a solid mass within 45 minutes. An identical sample was held at approximately 100°C
50 in the dark; no increase in viscosity could be detected visually after 4 hours which was taken as evidence
that little or no polymerization had occured. This example demonsirated the photochemical component in
the catalysis of the polymerization of cyanate monomers by CpFe(eta®-mesitylene)*PF¢~. It also showed
that the photocuring could be carried out in the presence of solvent and that visible light was useful in the
polymerization.
65
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ng of CpFe(eta6-fluorene)+PF6 -, was placed in a vial under subdued |ight.
The sanple was gentl’'y warmed 5 (in the dark) to conplete dissolution of
the solids and then was - irradi gpaylsgaig7s g1 ght from a Kodak Carousel
Projector while being held at approximately 1001 C in an oven. The sanple
cured to a solid mass within 45 mnutes. An identical sanple was held at
appr oxXPHPEEY3 1001 C in the dark; no increase in viscosity could be

det ect ed vi Sual%‘t\; after 4 hours which was taken as evidence that little or

no\-pol e <pale POFAA be 8% R t-cypriaiapnenyipipnage. d & ft)iot gammaytrqRetonh dobihe ni caI
rfBQt?f cfﬂ'fe(ﬂ‘l f'*t?at'%tt" 8- g'aaP'a?*ﬂé" ! ?%&HﬁddtqmoThe TPl as 9619 ly ‘FﬁS’ﬁEﬂ’rer

Iutl ad foys
carrl e °’§ sri’?‘ e tcg:g ﬁée‘ﬁ’é"g t? ? t"‘m flﬁ' m% li"f’) tgal‘”'gﬁ%d gh' %ﬁful in
the p nti p roxlm e da k 0_incr
cte& aﬁ) fte! ic

K ﬁ L . ti d.
2,2-b Jl{%’ b ek Eﬁg‘? a &Q i °"'§§§§
of epar S RCpFal Yo 4 (R0l hspa el obéah @ ol nl 1. 0g
of st Qfrdsere! ofJ dlvgﬁtaﬁ@fﬂath |gﬂfwa§ MfaPih Mix(dofnarizafion Og 0 stock sol ution

and 0.02g of (MeCp)M(CO's; and (C) 1.0g of stock soI ution. Sanples (A and
(O wemyaMpPLEa4li ated for 15 mnutes at roomtenperature using two GE

Bl ak-ray 15 watt bl acklights (primary wavel ength 366nm (General Electric
Co. 15 Scharseck adlytion ¥ )2.0g ol 22etig-eyartaldphanpliprapaml acieziog of thiretydictorkin (HF) @asm

t enpermgpared. Thidesampibavere then prepaieriind séaled as idlowe (R) ¢ 0 off stdck solutige biddP2g of pur pl e
whi | e (MaﬁlPMe@OIaB9B)aﬁd of Spckraohtionnand 0Ag kb MsEIMNGCDs; tat'w@ewang)ﬂe@ﬁ spietian. t hen
heat edSamples KA and (R weye jediatpdhfor d  avnulep ahroom Jermpetufmvsing tya (GF. Bldigap 1B weth) was
cur ed kiasklights dprimpryyyavelength 3?‘??"263%9%15@5‘"9\/}901 é“»cgeaﬂ%dés NY)ggndaseepleciP) was e
uncia Gd &ftf'%F‘af a‘5’°PfBG?"§’°’ A ghanaed cplprfrom ¥P@° [W “Hg’ of

t Q Hroge Ry
;Ztaln\a/.a( J‘iargg at&% é ?Ufi? ﬁ:ﬁ Plree ii? ra e@at?avthe curln %?gﬂ:vr%&e § @ g I ng
St ep. 8 I @ﬂ SUT Loy il | €0
ut
go ?h%’:ﬁ dltmlole Q.tpolymef:lf rm legfétac Olgl g g%sér e pf@pﬁar ed
containing 1 part CO 3 "and 200 parts 2, 2-bi s(4-

cyanat e hs propane and pI aced in glass vials. Each sanple was gently
warnmed (in the dark) to conplete dissolution of the solids and gave pale
yel boow howe gipe Usacth 0J5LY, iweidSprefaltd coREHIhE 1 \DarS (MECHMIGO)E ahdf 200 phfls B-Bsfes at

r oom toyafaopisshil)pfopaldi dnd plaowd ikblasSivials - Eaaly salriplewas gertily svarknet! (in)the Sark)o coreplete

wavel atisgblitiosd 65tha)solian dnd gave palRTybliowt@emoganpdus isblutiche Qriarskmplé wasiordisteermt ur e.
Bot h vieinutest #h eoprptemparature rsipg twe 336 Bidk-roy ¢% wathblackdighis PBmar s@veleagth Jeenmdandtal | y.
The saanplsampihvashkehtid theedark 4t reopdiempenaiure. Bothdwarey than plederd dn pro$sy Peavercandieete wi t hi n
45 #i rebeesed\getiqdisalivh Ehes samploewhighi hel beersinadiated euresio 2 wolid arlymatic imass pithin 46 af t er

f our Hujouies whilptke sampipwiichjwen nas drcadiated ps tstilh fluid H@ﬂ' é?H’ |hﬁﬁs o‘t‘h'ngxarnete é'e’ﬁbnoner s
Ul A et 'it%“f?? M nsﬁte““i’*”” Yo

cat al

degpn t?tg R ‘t % FRYeP et Y 3%% el ﬁ‘é“pc??)[ﬂ“a a%‘jg"%tgg’ﬂ'%* g aﬁu“?"ﬁﬁ Pt

sol {'d<* mer oél tions and that ultraviolet |ight was useful in the 40

pol yrreé)dAmt_é%w EXAMPLE 16 Two sarrpl es, 0.5 g each, were prepared
containing 1 part CpFe(etae-nesityl ene) +PFg - and 200 parts 45

2, 2- bi s(fadsaipiRt, UG Bich) Wrd PraPPocPddftaiiing § Rt CHFaiid Sesitichb)SPF: Eafd12003aRd € Was
heajseth 4 ths(REyaRdRerdiiprdpale hid dilbd & §HsE VB SEach Sartpghy Waschehtbd MtanyeRér &weo4d Ui d,
hormge&muﬁuts@ toLrbrinD4) lighOpetiows, AI0T) mMoGshedue BBIMPDA. Gnb Bl Rasémbved oim ithercieH at ed
for 1 andimatieted $dr Ngmiautiasiika Kodak Calisepprojp@@t(tA™ stagé), thein sgejed té e rovene’BT ned to
t he o\stage)( THS' irradiategicsamplélvered to a glassy dbthcls solip inc6 minutes white the gararses whidhl weslknot ol | d

i n 6 riradiated svas whéhmged latter 48 npdutes\eh it 201 Cwihis eremple rdprachstiatestithgidiee photobwingetl af t er
45 i revanate reqnorier coultl bey gcampliiadih twocktagem phatocherticall hetivatiphef tynestalystisderies of 5o
cyanatielioneshidne atsr themai cusies stee dhipithes Hesepntrated it He A glagesytndoronid bp carried

act i veut &l 0p splie coraroaitias endsthl viskls ligfs Wepysely! pihegracesder t her mal curing step.
It further dem)nst rated that the two stage curing could be carried out on
100%5%1"?"@ LEL orrp03| ti ons and that visible |light was useful in the process.

i g0 A9 L r§§ I 22 b 35 b.&tgltls{mp%ne %556-
Vel 9¥g< cgééﬁﬂe)asEm O Qf gu.l,; L ht

\/v lln poly-
yeIIo onng neous processa tion. |s sol ution was

poured into a cyli ndr| caI poI y- 16 EP O 364 073 Bl tetrafl uoroethyl ene
(Teflonrm DuPont) nold (which had Been heat ed to 120-C) and was irradi ated
for 1 :



m nute with a Kodak Carousel projector. The nold was returned to the oven
at 120 C, the sanpl€ cured in 5.5 mnutes to give a black, glassy,
cylinder.This exanpl e denonstragp® dshayzBie two stage curing process could
be uséd to prepare shaped articles. It further denonstrated that the
process could be carried out with 5 100% solids conpositions and that

vi si bl e f?t" °°M§"°d§eﬂ°m“ PHPanH éngist twhick dad BogpNPtE 103120C)eant ylas dradiatad dor 1

sol uti o YjthA Kodgk, PliPrRiecter- Jhey el was refumed 1ta,the pyepret 1206@ the sample cured in

bi 5( 4- %!%E} %38 Z F‘? la??é‘r"y!l'lﬁ'e" TR pgmple AP'B%}z"aﬁdabﬂt e tvp stamsicuging| pyesesss,

Inc.), % G‘°'E?Iat Hake RiRrgescRould e cardagh dut withg
mioxt ufe Was oo ‘fomd’os't'ons t’%ﬂ?ﬁgﬁﬁﬂ&%ﬁ& Hd BP BREPSS-Q panel (Q panel Conpany,

C evel angambiE £ Using a #22 wire wound bar. The panel was placed in a 100
* C oven for one mnute to evaporate the soI vent, and yielded a tack-free

coating. Aanfickyl addRRPlokib a riz6 =on 0 any,
Sout hyo Beda, (Al'dgﬂ ﬂsdﬂﬁaﬂtl@(s OQM %ﬁ%ﬁv&g&e g %g‘%g e g? ﬁ% at%%ﬁe Yli)&g n vas.

i rradi a’te@dtlr@t mikiBreawds | BRbd 61’6 a9 Blmh & ARK Qro- arm
Bl ak- r ayphibbusihgtat#2b was kbing IbkiS Thelggel Ras alaébhhrpm@dc@e‘envﬁsoné i
exposed sé¥eparsed yielsd (3 @ciettbei toatngl A0#1-1C RasCRIlior! @IS (StoutHeF SFaphid s p&iﬂ@ eMaLS
t hen ri fsmehnwi 8duthnBenidy Ind tway Iplabedit @nep df @dVéoaghgaand AR Edn¥fuctiohBgR iRbdididdCat
Resol it pobientyroefe). temMiperature fon Amimites ovith et GE Biakiraly 18 twatt oREMIGHES TR REXVIBIVA GRide
nonorner Y2t mPednad dher exdosad iGrngnal twas plecedrimk 100 Wamemddr &l hintesc Theppansideas afient he
present ""ﬁ‘l‘&é‘!‘h meshy! athyl ketpng: leaving adlﬂﬁ#“l’ﬁi;m@mf@\elfbswnmﬁpde shed in two 20
stages. | t™"SUPRTRIe dereenstiied teteepatingatof cyraste geanpmers coudiibel dured asiog sl neshiald i n
‘ap i maggeratalic semropnds ok Maopresentinyenion: gl thktthe, Furiogtcowic: be ME¥QMPkRbEdItni B (5. 0
) é?)nf‘39°ﬁ.'hf§”'ff W"Wwﬂm the,Fqatings couihe aseqinpshed |;ag (mage-pise fashion.

ve '

cyanat ophgn ropane resin (AroCy B-50Tm Hi -Tek Polyners, Inc.) was
prepare Fe(et ae- nesitylene)+CFsS3- (0.006 g) was added The

m xture vvgs ﬁt&@, ,ﬁé dgom%% I um Ny ta'% a‘rbe s Slan r_ _wound
bar . Jh%a%ﬁ nylstSpafé rresmg (A Igc hg Qiaf)lé If g Jp} are?%rnj ﬁ‘fé MEK
and gi VRedylbdfErigose (d:6vst d)%s aa- &P
sensi t i wing)a £P0ivie wodtcOnsh [ paReR LY &ir eﬁre&%. arp?a?'ahe m% or yres
Wit h t wgiveiatk-frels coaivig. Tthe Yailing wals dkdosddRoSgh a é"l SeHRiGy gaid t&tﬁ%a anp! aced
in a 1lBquipmekteConipaiiy) Sor i iMiniites with W GEABRI-ra\a8 wall BRAcKigHS Afle bkdosb Ielvﬁgv' ng

a negat placed im®m g * Gfovérhier 5 eniriieb.i This tpgine) WastkBen( iis6H With SMEK, %aﬁﬁ@@ﬁega%&mﬁﬂ%cb?t)
Thi s exterpineitivite gudeseigbitseiill stdpatone glmkt).ngs of cyanate resins coul d be cured by
t he sal t s Thi$ exsmglardemenstidted hatcodiogepdf eyanata tesing soulaf betdo@d by B aElts of igaidinb@an and
t hat t hiE eemplex gatioesof dheprreseoicioveplion she thai the awing weudbaracsemblisissldi 10 an imagé-wise

st ages. a%‘@"ED@MR/F‘E@SZO An MEK solution (5.0 m) containing 1.0 g of

part 2l | X r| rrerlzed 2, 2- bi s(4-cyanat ophenyl ) propane resin (AroCy B-50) was
prepar e Fe(CO)ZSnPhS (0 01 g) was added. The m xture was coated on

pol y- 40 £\|¥ |den hI or| - BIITEd ol }/ester fllsg?cryaScotch Par', 3M St.

Paui , % °' o 2. are e %& 390 Rgp Wfquvlm:ggeweﬂar Kk
for’ gn Qui ne td Ior‘lat:}é ? f| _ \p’é N) 'F}'?e°°[¥bat i ng
was expfha § | dQn o obpﬂ e EVI& F!\j’g‘ aggc free

Bl ak- r aathg vV@th b Gitb dg %1-TT Iﬁ%ﬁ) Iaﬁ- ?g wa Ven
for 5 miidakigRs.. ThIFéQszéd finVWels Hia@@cﬂm I'd ﬂ%e oWn fbr utes. SRRY A0 wgsh

of the NRES @aviig Dibghivb age dfahe Resolltdh BuR¥.anpl e denonstrated t hat coat| ngs o
cyanat e rEss aampla dpradrgifadd that SodURds A Rmaté Qdinél o Bolynhbii6 dubiatdsBui@ b aaedsy al | i ¢
cat al y Sbes ongénotnkielli cataigsts off 1y @risér®d nvarion itAithatt € cGrinGi dd@d &8 Wesbnipfished in an
acconpliinadeerdseifashigminitnagageni se fashion in two stages. Cainms so 1. An energy
pol ymer i zabl e conposition conprising at |east one of a cyanate nonomer and
ol i gomff@meher eof and as curing agent an organonetal lic conpound, wherein
sai d5°or1ganorret allic conpound has the fornula: 56 [L1L2L3M +O X1 I

wher ei i L\ °"GF ?%@ﬁ%a@erﬁsweosﬂ'ev campriging 2t Ipasheneoe aceyprate meromarandi oligdmeest r ons
t hat can gre Haq g(sjﬁlgmg ,agqglF i grp@ﬁ{netgllp compeund, wherein said organometallic compound has

1 70 7i | ~i i Fofgmulg .

55 [LL23MIFe X, |

wherein
L! represents none, or 1 to 12 ligands contributing pi-electrons that can be the same or differsnt
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EP 0 364 073 B L tetrafl uoroet W
-DuPont) mold (which, had been heated to 1200C) and for 1
mnute with a Kodak Carousel projector. The nold vva mggwm/oven
at 120 C; the sanple cured in 5.BP Ri%§40&Bio give a bI ack, Lgl'a

cylinder. This exanple denonstrated that the two stage curl ng process coul d .

0 S5 BAATE FUBREC ) g TODR P Rl 1
5[30352“’ e %328 at Ertiﬂ‘l’ o orﬁiﬂﬁ#fez;%%“ﬁé 9% ? é?é"g gt'til |
. 5.

sol ut O&UE@ be praa ah ol b Ry Sample Sojiprerated ,srséesz m b caried ot with

bi s( 4 CympRdoRi tampbsitiond £ trHaEVisikI®light #55 Jeful(ifhe Biécess30M  HI - Tek Pol yners,

Inc.), was prepared and (MeCp) Mi(CO) 3 (0.01 g) was added. The resulting

m xt ur eexvaseLEodt ed on an al um num Al odi nedsm brand, Q panel (Q panel .
Conmpany, C evel and, Ohio) using a #22 wire wound bar. The panel was pl aced
In a 100 A ethybaretatersolutian (50 mi) @ntaining AP bicdaetialynieimeridey bis(4;cyanatbplytngjtitesthea

t ack+¢ r wein.oB@Cy Teh0 ™A HTeKTPIRE®E, incd. ovas Grepated @it (MeCHIMIN(CQ)A(00T @) wast asidéety Thepment -
Conpanyres@ingtrhixt@e s cpatefl yn emslumingre éipdined T dysandf Qipprel (QpaneinGomnany. (Gisveland,
-constr u@'E'P)dﬁ‘“G\/aé'z? Pireaouad der. The nase'mptsrﬂd' £ 60 avemiseenatriinute o@vaperaly thait e's
with twphes ap Rf'etd al‘t?C'tr%PPt coaingc iy f ﬁt%e“'"t'ﬁ% %@go@wﬁs rﬁ'ﬁﬁﬂ%é%s"'m%ve

and t he 2 v‘%l‘ 1o Ef‘gtg?ﬂ? "sgu‘?%
Resol ut Zﬁ?ﬁ\%ﬁ"aﬂd’% qeﬁg%a?ea a"%%ﬁ;%%goﬁ a?ggs e% ig:af o panck g?s hen e

m

pr gggﬁ[:r Pl nc{sﬁﬁﬁiﬂ i &ﬁro%grﬁ P %%Eéﬁnhtﬁc &ﬁﬁ,ﬁ% ?;&ff e

St ages - stades. IH[: ﬁ&e &B&%ttrfa & Eoatiftd lcolich Be sceathpiiditha i & ndgeRssagioRP! | shed in
an image-w se fashion. EXAMPLE 19 A nethyl ethyl ketone (MEK) solution (5.0

m) coneravpuegel. 0 g of partially trinerized 2,2-bis(4- 25

cyanat ophenyl ) propane resin (AroCy B-50Th, Hi _Tek Pol yners, Inc.) was
prepared ancheBGyFettyetiabne mms()tgolwmelsrmsmwn(na 00@ o) paritptly arthtbeichd I,Brbis(4-

m Xt e ecyasatoppew@dpaoe resin AfroCly rfaSD "4l HirTekuRoldnganiet.) wes ruepared 2&hdwCpRe(ataStnd
bar . Theesitplems)* OfeB0s 2i(9.008r d) s jaddadh Ehed aidurd was coated frouan Aledined uminameQpans! VEK
and gi veing & #20lwire rvsunctlorst The panet wes @ib drigdrity thacdarkefarens didurt th evaperiatothep MEK eq
sensi t i 9y 3 tagitifegeogliog. gl Featingyras spesehihroyolEe 2 percsensitByguidn Plopiisr CGraphie At es
wi th t weausmep) Gemna f?t54 isvies mit tvo BB (e 'ahﬁewaé& Rrilialtss Thepxpospa sample PPhced
in a%)1pced ina atPeﬁ fog S "Pr'EPFeE“e PF “ﬁéﬁ‘é‘l‘ "W&g "FmMFrK et '\‘BP?‘H"WEQ

| eavi ngﬂ“éts é'g gfgﬁ? L? sQu ht SQJﬂ id. ste

ghOSt) llc Iex esen lnv n ataghe UII'I oug T gén g \%lgd be
cured by ﬁzﬁ? Eé ganone I'C conp cat ons

i nvept |on and tha the curlng could be accorrpllshed in an |nage vmse
fashl ONgiAMPLEGoSt ages. 35 EXAMPLE 20 An MEK sol ution (5.0 nmi) containing
1.0 g of partially trinerized 2, 2-bis(4-cyanat ophenyl)propane resin (AroCy
B-50) was AR IMEKedoREoriBY nPERkRRY 3SNPh ety QAmezed B bRALRShatoBbRy IIOsAH4 SIS
coat ed @RCHE-50) wab ploarsy briddEpTFe(COIBISAPH: dBPt BY WaseioRD ITHe fitire vad SoaleSwatpoly-

Par meo 3fvinyiBéne dRibtitie)-phihdd prbjiestey im#ASdtch Rac™ \aMLSE. Real, MNTloging a 20 wiesswaund balt | ed
i n the Terikmfives aprdgedhputhe tak éor apo hatr do blagordiBRheaMEK gnd/ givena tagk-fred caatingc 3bd | ng.
The coatdating wees exprpdsibrdughha i gh ResolstionT GRdes ddr LA iminuteSuniteiwp RE BlakrayutSewathii t h
two GE lpciighisahelsxposed tilmh wascidpded i 8 110M{eoven rfﬁﬁ§e'ﬁ'"lﬂt¢9f el wasatherdrinsed ¥ith 10- C
oven f oME lepvipg ¢ aegativeripage;of the Ragelutiono@uids- nsed with MEK, | eaving a negative

i magé of {THie exaeols demepsyated thakcoalings of cyppptesresinsy @W&hﬂﬁé?ﬁ‘eétcéad Pﬁ&‘t’“ by
coat i ng&® (91’9“‘%% atatxgtﬁ r?5 MEnPRRSTY eI AR R BYne GBY'G PR ECEMPEIDY Ehe

or ganonBfe Y é'rtr'gts 9%f the present invention and that the curing coul d
be acco | shed in an i nage-wi se fashion in two stages. Clains 50 1. An
ener ITEI‘I zabl e conposition conprising at Ieast one of a cyanate
nmononer a')\q é?\gul SrizhiIE b6 Hositeh n&u’\ﬂ’ LN N 23 ﬁ%tegr%mm@rt &d! diGomers
conpountl. sy Suoeamie o A L ol aak s GFdlomseund has
(L'L2L3M ‘t&f&"\ula ere| n represents none, or to 12 |igands
contributing pi-electrons that can be the sane or dlfferent 17

85 - oLasmrte ;|1

wherein

L represents none, or 1 to 12 ligands contributing pi-electrons that can be the same or different
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I —
sel ected from substituted and unsubstituted -acyclic and cyclic unsaturated

conpounds, polyners, 'and groups and substituted and un ulHlL
carbocyclic aromatic and'heterom&;a@;rmtic conpounzu"“mm“mn ‘ I f
contributing 2 to 24 pi-electrons to the val ence shel |

represents none, or 1 to 24 ligands that can be the sarre or dlfferent
contributing anseisgted frommisehstitated and) vpsubstibitedr anyelicsand egyclisdurfsataratedmampounds, - |
and-tri-dent at epqlwgamd@d groubs chothatubstigptepl, aud  uppubgtituedy rearbedyelist aterstic @nd he
val erice shel | ofetaygcyglig aromatie) campennds, pash sapable of contribatingf3 Gerta-sleritns talhe be
the same or dlfYa@P@rﬁhe"@%h contributing no nore than one sigma-el ectron
each % o t hel¥al BAEENISHION: b1 t‘éé’él‘igﬂw thgt can be theygame of di ?’é@é’ﬁ?‘&”ﬁ"&ﬂ‘ AeBf t he
sanme or differef?® ?59"‘3’@5%’" é?‘?gff’f’éramf"l‘ iy finandiig ?ggaaqs %PF‘EIBT“@QGoups

.o si s
VB, VB, VI I B é none or 1 lr an at c T rtl'l?adsa1£1gon‘:ﬂ%| ns t | Oléllegf é'%lﬁl? r om e

reée
IS an int eger hr@l Jet ele%:‘%gdiac Qiev lbn o § ell

organj ¢ sul ”aIeSre % f.@&mchléﬁoe?emeﬂns of_lPériﬁﬂ
nteger of O antee VOB egndqﬁ rsfsma't.;%@ e charge e
on the 16 4 . lsa,,,,,,tege,,q,ra mﬁ,@ |1gr§10rt|on e provi so t hat the
organonet al ki C QRGN YSIe6ted oM 5\'§anﬁ:tsukcﬁ&§En&ﬁ%géﬁiﬁ@hmﬁ%rh%ll&@&dupsand with
the provisosthak ah'intede? of 6,31 o2, the nuinbeABiCaniond FeRuifdd A6 BBlart® tibScharide ACAH BY € a
st able confi gur &yanemetalfc poltler; conposi tion according to Claim1l wherein said

cyanat e nonowrthd) evisdibatf the oighrametalicCEdNpoundtventaingatfledssor@rmetakc@bdrbohd;@rd | t O
7, and whetethe pAvisotptrli,423.3,M, o] Xeasd f apeehosdn sﬁ)asmmaa,stadliecpnfiwrétiop. or
tetraval ent aromatic hydrocarbon.group containing 5 to 30 carbon atons, 2)
1 to 5 &l iThéreandnosition ap@rding to Glalmy t yherdincsaigd dygriatetmanomerdas the foralilay a| ent

drekar bong&r‘oups containing 7 to 20 carbon atoms, and 3) a nono- or
d| val ent bocar bon group having 3 to 12,500 car bons and 5 to 25, 000
fluorine atons. 3 co osition accordi %nto o a|m2 Wnere I n Wne

sai d aror‘rﬂ‘l"?’ﬁ'" sé? F"P}ﬁw& %‘rfn a%'?ﬁfl .ng
no

%'fa%

Berele
];]lc” gher Cé c|c a oll'nlt;:tctzcmono- or éiva?enﬁup c?:gon %Boa 'i ni
nltrogen Oen CF . aeg‘ﬁlon aCCOrd n alrfB 1to
3 wheregn Tﬁ@btgn[ﬁ&%aﬁcgo JWIH\Q%{ i %hgeu?wm 5(5 f-saif ¥t%9@5cq{}%&¥ﬂo)w %1% &Qﬁﬂﬁy i
ol i goners aﬁﬂﬁ@ﬁcﬂﬂﬁroca?b:bn,r@fun@%:'rﬁﬂ?g&oﬁ{otﬂogﬂte%;&ﬁsddeﬁ&ed forttd ighiup c¥H @fi@'o?f‘ Q

COr I' g5 PON@Asn-petortiicl dtfeh %Wr,bﬁﬁ\-pﬂfsﬂid{é pRbsphetisThbn@mirlo Introgdin, Ralégerf; &nd silicon. _
C(CFX) aA(CFX) bCH2- 1111 40 wherein A is a carbon-to-carbon bond, in

whi ch casah& dompositioh Ndcegraing ftb OOmithst © 1303 awtibrdin issid Z&amate iondmérSis 2,2-bis(4-

- O (- CFX- Cédetophpnyl)piopanalot digorsaxstheracfi S an integer 1 to 10, b is one, and ¢
Is an integer 1 to 100; and X is fluorine or perfluoroal kyl having 1 to 10
car bem &t Jhe compBhihERY AR tC)dnh EwWRerein Q\gordspeuide togd fivoiBedrison byoup of Formula Il or

car bon-t oféarbon bond, in which case a is an integer of 1 to 30 and b is
zero, or 2) Bis CFX)dO(CFX)uIv in which case a and b are zero, d and u
are |nteg ?%‘06?98“13 Cy, dhd v is an integer of 1 to 20, or 3) Bis

( -CFX) ch case 4 a

i nteder of! 6%’&W&;W’§W)&°Pd'é{}‘é't"ﬁ“rff‘§9§ ¥ o Yo 1808 o e gﬁf%
[(CF2CHZ)] ic @1@”'"9 lsoneanbc%?nnﬂ?e ers )i to
10, | and are| eersvﬁ sl/lto 1/10, mis anlnteger of
1 to 100, %}2& andp( CF2- CFX) are randon1y distributed units; and
wher g X |s€'¥LI u%(f?ne oererM uoroal kyl of 1 to 10 carbon atons. 6. The
conposi t i QRerdik BA% ) d\Ghrtdof-tddambofBond, ih Whioh ¥436 b & dn iftéeFlorarte 30 a8 B lzérb,Gor @ETPOUN
I S sel ect @(GAXROICEFH) 1., in Whi€h GEOH EndOAIS keidd, dIafid O bire integers of 1 to 30, and v is an integer

(et a5- et loy1 @wy20| a8y Btia (OCEHEZFX)MERYEBECK.O) A lbitty tase biasd § edeabh is an integer

- cycl openbatioctOydndivw and d e antégrsydf § o 100ian8) B is [(CF2CHz)(CF2- CFX)lmin which case a and

- cychbopentart istegdry ofricn (10.1 iephieary intagers svhesarrdio lifly Is, 1/1(te 146 m is an integer of 1 to 100,

- cycl opentaadiiCEriHz) anddeicrEr) &re raptiantly distiiliged unis; and whpre (X ig BupriAg p@flucroalkyl of

1 to 10 carbon atoms.

, 6. The composition according te Claims 1 to 5 wherein said organometallic compound is selected from
55 the group consisting of (eta®-methylcyclopentadienyl)-manganesetricarbonyl,
bis{({eta®-cyclopentadienyl)irondicarbonyl],
(etaS-cyclopentadienyl)iron{triphenyltin)dicarbonyl,
{eta®-cyclopentadienylirondicarbonylchloride,
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(eta5 -cycl opent adi enyl )(eta6 - - mesi tylene)iron(__+ 1)
~~trifluoronethylsul fonate(-1), (eta5 -cycl opentadi en

-mesityl ene)iron( + 1)hexaf | 'uor opiogBEfdR(B1) - 5&““!“ im ‘\on
according to Clains 1 to 6 which has been cured one *of t hermal
energy, electromagnetic radiation, and accel erated part icles. & The
conposi ti or(eia%cyobphntagnenm(e@F-aie‘siwleﬁe)itan(+71)V\/n| ch is a shaped article, coating,
film or phdiuoromsthgsulfond®-9, The conposition according to Clainms 1 to 8
whes€i n sal(dtascwpbmyfadlgwﬁt is present in an anount In the range of 0.01 to
20 wei ght pee '@PP@‘V'@!TG)'WOMGWB’@&‘PW@MPBW('{'] on. 10. A nethod conprising the
steps of: is providing a polynerizable m xture according to Caim
1, and bY efhp £eNpas g ’b BCOHiRg fo Cleimg “b? W§'&“ Besrheqn e Wtéﬁastl%%lgftt"%ﬂél eggray.

t her nal ene‘?‘WmagP g radiafigfn and greplerptedadiFles e g part icles, said poI ymeri zation

o 32; B e R B SRRy (e (e e ALY Erfhe%?rea'st
activll g dﬁgfggggﬁ&ﬁ.& c%ggm e?ha.mffrgawe. i B U o PGB RS |

the thermal curing. Pate nspr Energ| epol yneri si erbare

Zusamen§@t £ MeHod Botpeindare &spsBat m)norrer und/ oder A i goneren dessel - 2S

ben ung mt @) nevidingRl pblyimenA68 mberestcHEihPloUIR g, salis Hartemittel, wobei die
met al | or gani s§ lkRecki®y Polymeridatiog oflis@id Fraixtae| by| ktliedst loRdViotEhenthal cherghl) rad-auorhaatnd i n
der Li Ni Clatcolothini Paditibd, sadl patyrderikition dpfiordily bdirgleifscdatity dxab-bagegmovdss dompasaden,
di e gl ei ch odhgrfirst ectisating eab polygresrizable Gompositiomisl iaadiaticleta pswids hétivaredoprécrsons,ead

ni cht sbust i t tieetiearaitnzying ihe ettvatediprecurspisl: saidimrsiation teremszeture beingrbeldwtisi teroperrgen,
Pol.yimé@? en undrenaep frcihe herchalnytngt i t ui ert en und ni chtsubstituier- ten

car boxykl i schen aromati schen und heterozyklischen aromati schen Verbi ndungen
ausge- J3Batentanspiiche 5Kt sind und von denen Jeder zu der Val enzschal e

von M 2 RI%@%A El-EIek%ronen beltra en ka v chts darstelit oder 1
di e gftich s dagggd (&@%@ e SR ah F ok ﬁrﬂb gt bl
drelzahnlge & ausgew~hlt sind und von denen j eder zu der
ValenzschaH? 2 4 oder 6 40 : Si gma- El ekt ronen beltrlgt
oder 1 bis & nganden di e gl eich oder verschi eden sein kannen und von

denen g ederphcdast ens ein Signa-El ektron zu. der Val enzschale jedes M
beitragt. L3 Nhighd Sardieht Sdefl bis 12 BPEIidrondh Deitkaohdod RARRA, didlbiBictid R} fetbchetRR
verschi eden sei Nsdidkéh Lritdaug Lefl RlibsioibBnZma mithBbys@Gierien Mzyischsr GHdSzyRisthen

Si gma- El ekt r on bengbstgion Wibindunger) iPSlyflergit aridodnappenl erid substisuditbre olentchivhsatuieat ome
darstellt, die aws ceboxyklisehar ntoaatisdiien (o Lhp@@Ryldsthen aromatischen Vbrboladungdrbausgé- b,
MiIb end Vill deséfeindodeneydhenidd geviéMalenzsthail von Bh2 big 2 FetEledrarieh deivageei ch-
net) ausgewdhlt &nmd; s ei ne ganze Zahl mt demWrt 0, 1 oder 2 ist; X
_ein Anion ist? deichtmderstefispderr baisi McundreiBugerasin singahly weﬁgmaleu@nen beitragende

hal ogeni ert en Mekiganden. @ligegloinitoder I"@JF‘H' e Rl kGanert Wiggys teirr.awei- yAg) dixdhnigen 7
ei he: ganze Zahl HQ"E"“%?H sgRapit 6'"" 1'“ d o slﬁderu d‘i!l‘@"’ﬁ&?ﬁ'?ﬁ'ﬂ Vol 2ardi 9Reh
darsté&It, die zﬁ'ﬁ'i“ﬁﬁ 8 er't °sé$ 126“9{3 ‘}g{"/é %Q&F’b?‘g 5( ';E’é“""
erforderlich jst" 0 I 0
Vet al | - Kohl engst 0 IIrEli s 2 quéw‘% |eg verschieden s%n % d 2u de\?vI hi t

El 13g
sind, da el ge s hﬂira Tahé aaryesus ie aﬁéde@ae.zé.ufeﬂ sgﬁpw.ung
nach Apspruc 1,| f\ﬂﬂ@ Sions Ryt mvuan&nqe hePoozS1EHTE
QCOCN) p 19 Qt) au&gewéirM sindS
$ eine ganze Zahi mit dem Wert 0, 1 oder 2 ist;
X ein Anion ist, das aus den organischen Sulfonatgruppen und den halogenierten Metall- oder
Metalloidgruppen ausgewihlt ist; und
50 Z eine ganze Zahl mit dem Wert 0, 1 oder 2 ist und die Anzahl der Anionen darstellt, die zum
Ausgleich der Ladung e des metallorganischen Teils erforderlich ist;
wobei die metallorganische Verbindung mindestens eine Metall-Kohlenstoff-Bindung enthélt und L', L2,
L3, M, e, X und f so gew#hit sind, daB eine stabile Konfiguration erhalten wird. .

65 2. Zusammerisetzung nach Anspruch 1, dadurch gekennzeichnet, daB das Cyanatmonomer die Formel

Q(OCN),
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hat, in der p ei ne ganze Zahl mvon 1 bis 7 ist und Q m ndestens el ne
der fol genden Anteile darstellt: 1) elne.ein-, zwerf”ﬂ?’eT—”E(%_r

vierwertige aromati sche Kohl enwagsesssd ¢isf@r uppe mt \ umu
Kohl enstof fatonen, 2) 1 bis 5 aliphatische 5 ‘ ﬂ Iu i sche

al i phatische ein- oder zweiwertige Kohl enwasser st offgfuppert n*t 7 bis 20
Kohl enst ofrtain@een und 3) eine ein- odor zweiwertige Fluorkohl enstoffgruppe
mt 3 bis 18 S5Celgetredaljmo¥ondtbisndist uohd 5 bi s 25 000 Fl uorat onmen. 3.
Zuss+imens et fungnirdestansaping dercialggnden Antefler darsiaiiy 1) einel @in- qrwaia reieie oder vieemertige he
Kohl enwasser st crqmagigres K&'@e"""asse‘a'éffgﬂg’éﬁﬂﬁrﬂ@s # ﬂ?ﬂaPE‘E'h@) A plsgnliphatizche

Kohl énwasser st dpr Rolygyklisoge F‘@Hﬁ'ﬁchf ofiyr gdey gweiprige Jopignyressersiofigiippen Mite” Big 20 der
G uppe ausgewA)‘R‘?‘E eusfqffgfomer) ynd @W&m gy Flyprictbiensiofarypes it §bfs 12 500
Schwefel, Nicht F'ﬂ’Be'Pﬁ‘S UM o- Sti ckst of f, Hal ogen und

Siliciu sgew-hij t nahAn n der

(Cj]as g’}/a%.'aalltjnsagnmense a% cf? !;ru§ m er enné‘ZLie'é é\f)n% Qf r?%hg ﬁ Ie]hw sérséﬁ ori;
JoTer e &E;S mf i e TR

ei ner "

FOC( CFX) a,(y\('r s‘éﬁcl:l-lz ?‘BPRI ﬁa e‘?s cgsg?ﬁe h enslt%gjff- hI enst off Bi ndung

i st, | ngWeduSdifibndatduhg fack MAPrBR N BR 37 Mibr 468 Tyanattofionidd 2101Bik(dcyBhafipRdhyipridpan | St ,
oder A - Ot oier ¥us@iigorhorredessalben béktene| chem Fal | a el ne ganze Zahl von 1 bis
100 ist, b gleich eins ist und c eine ganze Zahl von 1 bis 100. !st; und X
Fl uor osiorZuRamfehsemuad kach Amspruch &iis d@0Q2der Fiuorkablehsotigtuppd adr dfoeel !IIBbder NCH2
(CFX) aB( Clemplvicr2- |1V in der B 1) eine Kohlenstoff-Kohl enstoff-Bindung ist,
in welchem Fall a eine ganze Zahl 'von | .bis 30 30 und b gl eich null

I sk _2oder FRGCBOMAE@RHCHE CHIK) v] v i st, in welchemFall a und b gleich null
sind, d und u ganze Zahlen von bIS 30 sind und v el ne ganze Zahl von 1

bis 20 Ist'; d%cg‘uliesg ‘phieg: i‘ﬁ’(e‘f g"‘u\? v ga"i‘ a"' VPFI'\REI%H?—H}‘? Fal |
d b gl !

Zahi en 2 "a{sﬁ% e e 2 1 8o ; e% PYPRGY T {480 S
Fal | ®a un ﬁﬁlen von 1 bIS 10 sind, ] und k ganze Zahl en sind,

deren Ver 1 bjys 1/10 betragt, m e| ne 36 ganze Zahl von 1
E@Mﬁ?ﬁﬁmf i

bis 100 ! und™ und (CFg-CFX) zufallig verteilte Elnheiten sind,

und X Fl ugf ¢ @1y ke ohibhRoflidsbibnsidtiBindurlgiist, it Gkt PINSE Qid G BaN J/oﬁh bif 80
Zus aggrens ghd’ bl g@ich ﬁ&lhstp&ﬁpé)@ﬂcé()‘bkéh&iv ist,/In W EneRH FAN BRAdRD hRIcH Al Heh& und u
Ver bi ndungarizy Taikav vokd BRIBO st SBEVVAIRY §antéStahl vdh @ bRUED st (bder 3) B (OXF2 CFX),O(CFX)-
( Et a5- net hodcex-CFay)astiindsiciey Haangan blsicle 8 5 A\sine ganze Zahl von 1 bis 10 ist und w und
Bi s[ (et ae1i gghed Agnentvanl it ®isyID) Bt, sdand) B HCHOHY)KCF2-OFK)Ja Ist, in welchem Fall a und b ganze
- cycl opentZaldéncvoy 1)k Hesirict | undHegmmizezZahlal siod, clanei ¥erhalinis (lE1/A Bis 1/10 betriigt, m eine
- cychsopentgae &y Mrel bie mef istand Gy Chih inst (CBs-CRXEze@liocyetiditepicintetani sindiuny (Xdiiues
- mesi tyl enyesiPedivgralkyl mit i bisfip Koplenstotfpjameg itf onat (- 1), 45

(Et a5-cycl opent adi snyl)- und (Eta6 -nesityl en)eisen( +1

) hexaf | G028 na yacb@gf 1 b S0 S il R oA YR P er BrBPE 6,

di Murcha kt romac% eti sche Strahlung und/ oder beschl eunigte
Tei | &hen '?:F °y '°5'y d rLZ Bamenset zung nach Anspruch 1 bis 7,
die ein F ag‘?’p pe" 'F’:s j2on 'car @i nfol l e-oder sin Photolack ist. 9.
Zusamens LIB g(é d , In der das Hartemttel in einer
Menge im eeya exaae ; ,tylen)e. £ Gy ARl s am Zusamrenset zung

ent hg t en d@toycidddntad! g;{y enden SChritten: a) es wird ein
poI yneri a@gshﬁgs@ﬁenm(sqme,ammawg&@t beschafft, und 20 -.
~~~~~~~~~~~~~~~~~~~~ n s* b) das Gem sch wird durch

V1 meenger guﬁmn&nsfe&b&guﬁ@h maﬁﬂrml er bib @s aial datth | Wirechelgler BietiropagnytieeNd Strablubg
wobei di e ultizddgnssthieabipte Meigbapgesretwaddngsti N ei nem zwei st ufi gen Verfahren
erfobgt, in demzum-

8. Zusammensetzung nach Anspruch 1 bis 7, die ein Formk&rper oder Uberzug, eine Feinfolie oder ein

Photolack ist.

9. Zusammensstzung nach Anspruch 1 bis 8, in der das Hiriemittel in einer Menge im Bereich von 0,01
55 bis 20 Gew.-% der Gesamtzusammensefzung enthalten ist.

10. Verfahren mit folgenden Schritten:
a) es wird ein polymerisierbares Gemisch nach Anspruch 1 beschatft, und
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Erzeugen von aktivierten Vorstufen die pol ynerisi erbare-Zusamensetzung
zunachst durch Bestrah- len aktiviert wird und die fen
dann w-r negehArtet werden, wobei gpgaagﬁgglill ungs- gﬂ'll““ﬂ'l Hﬁ E"]:
unter der zum Warnehar| en angewendet en Tenper at ur evemdl eat+ons 1.
Conposi tion pol ynerisable sous Iteffet d' une dnerg| e, conprenant au noi ns
un cyanat e nosdascGamissh wird durch Whnnserbegics 8tahiuhg grofogerdeschietnigie Telichea geiprheridiert,
dur i ssenent weheictienPoly@eriseipa ngegelepdnidig) ire singo zveistufiganp Yerdahen griinighdn dehizgme a
| a ¥ormul e: [Hrfeuganymg aktifiprien Vorstufon die pdlmerisiethgieciuammensetaungyrundalipitdarch Regyah-ou
de 1 a 12 | i demadivierowitdrung digrektivisgery Vasidervdagr wirmagehiiet weyden, w@w@hﬁewﬂhl@s;s-

i dent i flues oUerReratyr uaip der gim Whgiebiren gagependpten Fesepefstueliegbnpr enant | es
conposes@ge%‘lg}meres et groupes insaturds, dventuellenent substitu6s,

acycliqu Si ques, et les corrposes aromat i ques carboxyli - ques '
dvent uel I1e nt s bs& gsséblgts ﬁe& es aronmat i ues heteroc
crecun, o S N A S -

lia couche pég S;Pi "
pouvant etre Identlques ou dlf?erents et contr| buant pour un nonbre pair
d' 6l ect r onsp §bigRex, chpl sis parm |’ ensenbl e conprenant |es |igands nono-,
di- et tri- dentes, chacun donnant 2, 4 ou 6 electrons signa A la couche de
val encg de #4ns laguai®pr ~sente zero, ou de 1 a 12 |igands pouvant Qre
I denti ques ou LUidptdsérniéio, cuhdC i €D gahdsbébtiibuadbpour dedd Glediros.pip bl pelant &tre
dl ectron siigertiquds loa ditiérents et cheisis Phreni Cansahiblecdvinpedant/Jes ebmgsése palyrhédeslet Grodpes
at ones et ainsatupisedventualiemérit qubstiudsuiaci¢liadsros i digues ha llesicompaménavorhatigues | cBrtrenyi-S
des gr oupequBvenmllemthubmuléseelas Ghnposks arentatieuss hfténotystitives shgcum diewmnétant @
apRel 28 " nbmérnsdeieontribuer pouw 2 § 4 Plegtropsp 3 imcateheidevalgngp 4AM 0. 1 ou 2: 30
X est un ani oh @H’é?%‘?e Wy PH dq 1 8 3¢ @mﬁsep%‘@ﬁﬁt@ﬁ%ﬁ%q‘@@ @ﬁmﬁs"‘s“tﬂi"‘f'%%ftpé%'
or gani ques ¥t nAMPES REY °"ﬁ€t95'6 chgigis jpafm f'enSereRia; cITRrey ,lp.sglgaqu avpo- - Brifi er
val ant 0, 1d°6§sfha°€?d gnt Pt ‘;CF"B SR 3R coyelde e 951%? *ﬁg

 lgepps gy h‘?g??ég"a?'ﬂ“?ﬁ U BHREY copiRete

6qui | i brer CW$ §‘$‘é ctmn?s‘: i)
conpost or o 3 en&eaisigm ,’@ e gi Ry dﬁgghé ué]?é% ﬁf&n@%&h‘?s dos®!
donner Uner@E%PI gurat | on Stg. b'eg)ﬂpoSI%el(%%&E‘gq on Fa revendl cat ISIOH )1

dans | aquell e glegidintontey Gkt 6 1rgg@0rrere ala fornule K>, QOCN) p 40 dans
I aqueldoe P esi 44 uR kbR lchéki phrmi A'erfsomBib chEBﬁEHf ﬁacbrﬁaesnam&ﬁtey RorghhiGueR St G201 Si
parm |' ensgaipeemsauivuekstdibidet)haldiings Oupe hydrocarbone aronati que nono-,

di-, t rl OU ¥ et iR UitleValaniC) Bl 2,62 8ét 1etombredl'adidnsXdofi BAS udeoncwubmmbre%charge

2) des groupsas ldppdionorginomg@lqual; i phat i ques ou al i phati ques pol ycycl i ques,
nono- ou di valde ntosentcoe lectampdsé chegaronsétaliquendontiaptauthaoirsamb daison ngdal-Garbane ; etrdoupe
f | uor @ear bomémanbae-L'.d4 L&liMi @l X aitf st shrtisiscie 1&0n 2 YonneOe gordigwdlionletakjar bone et de
5 & 25 000 atones de fluor. so 3. Conposition selon |la revendication 2,
dans | aq@el $ampogjiparselonjasaypndicatiint1. dapgl lageelle lodit evanateynencmiyge ldlarmuled; t
hydrocarbure allphathue polycycllque il conprend on outre de 1 a 10
het\6,voatome§ OCHbi si s parm ensenbl e conprenant |' oxygbne non- per oxyde, Ie

f
H orum < °?a9t%r BTt BHOCR LR oo Pt o e Soms S BTN ©

g ey ca,bod%%r“%dﬁ%%b°h§§'%@%q9‘* o, YA GRIDRN | ARAGRATE ¥offidnp,

Conposgtion 52?'&@ gtoapésewméarsa@é Qrbh§uquéia5l§ ahpRstidGds! 65, CABHRD Gu Aivdidnts,

groupe fl uor QeRémame 70201 #9n8e a6 cdrbdnb, 0U | V. F3 C( C%&A CFH) QCH2- 1115
3) un groupe fluorocarboné mono- ou divalent ayant de 3 2 12 500 atomes de carbone st de 5 4 25
000 atomes de fluor.

50 3. Composition selon la revendication 2, dans laquelle, quand Q est ledit hydrocarbure aromatique ou ledit
hydrocarbure aliphatique polycyclique, il comprend en outre do 1 & 10 hétéroatomes choisis parmi
'ensemble comprenant I'oxygéne non-peroxyde, le soufrs, le phosphore non-phosphino, F'azote non-
amino, les halogénes et le silicium.

s5 4. Composition selon les revendications 1 & 3, dans laquelle ledit cyanate monomére est fe 2,2-bis(4-
cyanatophényl)propane ou ses oligoméres.
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00 A est une |liaison carbone-carbone, auquel cas a est un entier de 1-a 30
et b vaut 0, ou encore A est--0-(-CFX-CF2-0-)0, auquﬂ“lmﬂuwnﬁ lllju]l“intier
de 1 a 10,-.-b vaut 1 et c-est un: g:nglggroﬁ;egﬂ a 100 ; ou un
radi cal. perfluor al kyle ayant de 1 a 10 atonmes de carbdnef

-CH2( CFX) BB(CFX) bCH2- 1V 00 B est 1) une liaison carbone- car bone, auquel
cas a eS8t Gompasiioh eelonida tevéndBBtioned, dai)s laquetie @, caespohde @ ) grBupe Sftuorocarboné de

[ (CFX) dO( Gerxipigiitou Muquel a et b valent chacun zero, d et u sont chacun des
ant¥€rs de 1 a 15 ‘et v est un antler de 1 & 20,. ou bien 3) B est

( COF2- CFX)W«H@@—"R‘ CF'QO)l auquel cas a et b vaI ent chacun 1, h est un
antl et de 1 a et w et P sont chacun des entier ou encor

4) B t ||| @' de
d)e 1 2510[%]' -C ﬁpe %ra‘k %e% ?gﬂb‘* b b a:égﬁ‘ﬂ‘r?“ 'T'/dﬁlﬂqe&i% E%Irue;s

entre 1/1 5{“3 7°18"u"r un enf'ea\‘a" es'notifs (CF2CH2) et
(CF2 X) . ggc}gd au \pasard et oD X est Ie fluor ou un radical .
perflnggr al’ F)g nt Eﬁz 10 at ones de carbone. 6. Conposition selon |es
revendi catd,;,cywe%t 1 a5, dans laquelle ledit conpose organonetallique est

choi si  par Ny une ALSAERroEhe-caBHAY, SUdGEN bas d Bun $nidFIaB S BBO, 6t B) Ve Y, Su bien

(8t a5- net hy lapy ehQBRY,GGFRNY ladqueiZet b valeFRARDH $626, [ ot BlsBRRHdcEn des entiers de 1 &

bi s[ (€t aS- cpa.lebpestumaitioniel 1) X 20, ok siar bonyl e] | (8t ab-cycl opent adi enyl ) fer-
(triphi nyl dBpB agtdCarararXRPLGEX),O{CF8CEFOY, sl@uel cas a et b valent chacun 1, h est un entier de 1

(et ab- cycl opdntshetlobispht)chagud descantirsigd 2 100; of dnggponet hyl sul fonate(- 1) de

(6t a5- cycl ofeBestd{GriH){CB4-8/60uk6 2uqugl dam e et b s¢nt thacurhdes shfarodeopAd8plebke¢nt 1) de
(8t a5- cycl og%qua@ﬁsenﬂ fiont Btrappovt s pat porhatie phttsy /1 et 1110, mBgt unntietded ds10pi e

sehgi®l es r fsc@fs@hb ot (CRz-BMIgwent EpasiseauiasePe PP Jhgstrpify e ededni que
choi si e par R?”"I“%@é‘m%eb%ﬁ%i’t%‘ﬁ%srﬂe qa'b@ﬂ?ergl e ther i que I es rayonnerrent s
el ectroga et| ques et tlc l.es accel e % Qn se
revend| atmIr T” 50 '951(';0"9 553 fr Mo 'a?”'ﬁ% i :4°°"15’ ?"‘f' I m ou
ggﬁs aqu Efan% eq&fg ﬁ&% ? %4" S?%pen % ot %Sh B i§; ifk@& %dl nyE'er-

ic f
0,01 a 20 tap% o°pe aén@ﬁ(@tgpr‘hésut m%fﬁér% i 1 de

conpr enant, |I,( 5@,;{1 (lmﬁ ~par er an e pol ym?rl sabl e
salon la revend| cation et b) a effect uer une polyrrerl satlon de ce

M | aBger.p Pompbkitidh séléh 1641RvenBIBAIDSHUE 6,004 St urie hariau ImofB SRNBLRIgGS eI DA

| * ener gi e rbisembib GoMprohddt réndigRNIAGIRIN$, SoL taydritémdnty ElbdtrohaRétRECHtalbE paticuket t e
pol yndr i sabis@rseet ant 6ventuel | ement mise an oeuvre dans | e cadre d' un
proced6 an deux etapes qui 45 consiste a activer d'abord, par une

i rradi agi dlompbsitidh selorcleneendications D7y autest up adicle ddgomndi un rdetenent o filmeurue
act i vees, photeréserver oc6der a un durci ssenent therm que des pr~curseurs
actives, la tenpdrature d'irradiation etant inferieure a la tenperature

utilise® Fﬁggnpoqlt@n gelencles; exensisatioph b a B ¢age laquplje ipdit agent de durcissement est présent en
une quantité de 0,01 & 20 % en poids par rapport & la composition totale.

40 10. Procédé comprenant les étapes consistant :
a) & préparer un mélange polymérisable selon la revendication 1, et
b) & effectuer une polymérisation. de' ce mélange par au moins une technique choisie parmi
'ensemble comprenant I'énergie thermique, les rayonnements et les particules accélérées, cette
polymérisation étant éventusliement mise en osuvre dans le cadre d'un procédé en dsux étapes qui
45 consiste & activer d'abord, par une irradiation, ladite composition polymére pour obtenir des
précurseurs activés, puis & procédder 3 un durcissement thermique des précurseurs activés, la
température d'irradiation étant inférieure 2 la température utilisée pour le durcissement thermique.
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