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CROSS- LI NKED ORGANOSI LOXANE POLYMERS This i nvention reléggs to
¢ross-linked or cross-1linkable poly(organosﬂloxanes) A nunber of

organosilicon polymers have been disclosed in the prior art, which are
actual ly vinyl addition polyners nodified with silicon-containing noieties.
Pol yneri zation takes place in sonme cases via conventional olefin

pol ymeri za- tion routes w thout HERCHGESSENOORPORATHDIr osil ation reaction.
The silicon-containing nmoiety is th n a polynmer nodifier
Exanpl es of such pol yneri zati ons Caﬁ@g@ﬁ?é@ ﬁléﬁa ) .Y U S 3,125, 554,
U.S. 3,375,236; U.S. 3,838, ¥idmiggtony Qe@aque b%@9 31588, 929, 850. I't.
has been known for quite sone tine that conpounds cont ai ning the

hydrosilane (i.e., [err]Si- functional 2 can be reacted with al kenes
cont ai ni ng vi nyl (terﬁﬁb&ﬁ;ﬁt&ﬁgﬂhEEL LORANE  POBYNERS sj | anes. The
si npl est exanple of this reaction is the addition of ethylene to

trichlorosilane to formethyl trichlorosilane. This exothernic reaction is
catal yzed by platinum halide conpounds and proceeds readily to virtual
100% conver si on.This lnMﬂQ$HQﬁnﬁﬁlﬁ¥eskﬁ@wﬁ18§Srﬁénh9€r8§|FéPFSﬁIFEEEPFSn

has been efd 5¥¥06@?$M6J1fbﬂéﬂég§ nhunber of vinyl conpounds lee- W se,
ot her sil anes uc di al kyl silanes, hal q- alg% ES|Ia

kox
silanes, have bdeMmUmiaR Qb RIAIGY LiGan Pod¥me BVFO §%8s fﬁ85°58§sess
t he reqUIShhﬁth@”ﬂﬁ%cﬂHa&ﬁQUWM1ch afEhachmdalebahymnadeaelonnpbaymbeen
used with difunc- tional |jnear silaoxanes to huil.d %ﬁ&gmc ai.n S|onanes

For exanpl &°43} eds wisth e IRRIRD AT § é‘eﬁ)}&rsdt e RatEgte

trisi|l oxanaaMelsh pd adenyiln tseimd raised twiiasicbovan¢éivoaflophefin polymeriza-
tion routes without making use of the hydrosilation reaction.

The silicon-containing moiety is then present as a polymer
modifier. Examples of such.polymerizations can be found in,
e.g., U.S. 3,125,554; U.Ss. 3,375,236; U.s. 3,838,115; U.S.
3,920,714; and U.S. 3,929,850.

It has been known for guite some time that compounds
containing the hydrosilane (i.e.,=Si-H) functional group can
be reacted with alkenes containing vinyl (terminal). unsatura-
tion to form alkyl silanes. The simplest example 6f this
reaction is the addition of ethylene to trichlorosilane to
form ethyl trichlorosilane. This exothermic reaction is
catalyzed by platinum halide compounds and proceeds readily
to virtually 100% conversion.

This reaction, known as the hydrosilation reaction, has
been effective with a large number of vinyl compounds. Like-
wise, other silanes, such as dialkyl silanes, halo-alkyl
silanes and alkoxy silanes, have heen found to undergo this
reaction so long as they possess the requisite =Si-H group.

The hydrosilation reaction has been used with difunc-
tional linéar siloxanes to build up long chain siloxanes.

For example, U.S. 3,410,886 teaches reacting a hydrotermi-

nated trisiloxane with a vinyl-terminated trisiloxane to form
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- 2- a linear conpound containing six silicon atoms. U.S. 3,220,972 and
U S 3,271,362 teach that a conpound contai ning both hydrogen-silicon

| i nkages and al i phatic unsaturation can react with itself. A few
fnstances have been reported in which polyneriza- tion takes place via
reacti on between conpounds containing a-2tnyl silane ( Si-CH=CH2) group and
a hydrosilane ( Si-H) group to formcross-linked polyners. Exanples of this
type of polymer are found in U S 3,197,432; U S 3,197,433; and U S

3,438, 936. aEaéhear chapeupdt ennsamaaﬁeslzhelbtm atems on S pol yners from.

vinyl al kyl, oyl oot baal iosangs zﬁﬁldaébk%aeuckﬂiétéaébingéé‘ﬁﬁsc%?@éf‘h{‘ﬁ
to 4 silanjc hydro en atons. There is need ecul ar wel
or ganosi | i 8RN pBY?ﬁ@Sgnfﬁ&ilﬁavelbﬁ¥§9%ﬁd?ﬂ% phirhatkic ¥¢ﬁﬁ¥ﬁﬁa%ﬁﬁp can

electrlcalraaepew&taslagélenproved resi stance to mater There is also a
need for a nethgd g eparlng t he afore- said high nol ecul ar_ wei ght
organosi | i con pbl $&¥r dnEhENGE phévepaﬁﬁﬁgrgﬂﬁﬁéﬂdl%%n@h%ﬁhr%$¥5M?rlza“

Accor dihng teo?heakeaep}taee, v@aCf@seti?ﬂkl@dtmdaéexer&%ﬁ;t:o%d@a@éxetammg a

or gano rosl xan 0 I, | acteri| ze In R

ooy o Sy andaPe' (" BinER-ERN) S P R e AVt sbTannali SR [ east

30% of |t3gkeup]t8iEogmoupsssehthkddmpbhyhgﬂsocamkumplcsidﬂeShﬁer&ypd from
| | t | d

o oLd | o RS ERRE are PRRa IR tYs, (ACLET RS L (dig N9 b S B £ AR 1S

deri ved fr8 cyclop entadlene tr
d|nethanohﬁx&hyavéﬁépﬂﬁﬁaleﬁe¢haaﬂ hbeeeppetemeblw¢a¢mms the prepa-

)V e RVBEEL E LBk, £, AP FAPYI LIRS B tomap a0t ocane
has t he geﬁé y-1 A ¢yphgtatra31loxanes conta nlnqearqo 4 silanic hydrogen
atoms.

There is need for high molecular weight organosilicon
polymers that have outstanding physical, thermal and
electrical properties and improved resistance to water.

There is also a need for a method of preparing the afore-
said high molecular weight organosilicon polymers and of pre-
paring shaped items therefrom. .

According to the invention, a cross-linked or cross-
linkable organohydrosiloxane polymer is characterized in that
the organohydrosiloxane is a linear poly(organchydrosiloxane)
having at least 30% of its=SiH groups reacted with

- hydrocarbon residues derived from polycyclic polyenes.

Preferably, the cross-linking units are residues derived
from dicyclopentadiene, cyclopentadiene trimer, norbornadiene
or dimethanohexahydronaphthalene, and more preferably, the
poly{organchydrosiloxane) is a trimethylsiloxy~terminated
poly(methylhydrosiloxane). Most preferably, the poly(organo-
hydrosiloxane) has the general formula:

R

I
(R) 3-Si~Owf=Si-Ond=Si-{R) 3
|

m



- 3- wherein Ris a substituted or unsubstituted, saturated al kyl radical
or a substituted or unsubstituted phenyl radical, and about 5% to about 50%
of the Rs are hydrogen and mis an integer fromabout 5 to 100, and the
maxi nrum val ue of mis desirably 40. Preferably according to the

I nvention, the poly(organo- hydrosil oxane) defined by the above the general
formula is tri'nethyl sil oxy-term nated netdgd hydr opol ysi |l oxane. O her

exenpl ary pol y(organohydr osi | oxanes) i ncl ude:

trimethyl siloxy-term nated di met hyl sil oxane- et hyl hydr o- si | oxane
copol ynmer, wherednn® Hyl i kakgtientedabedudsapsbytatédxasatars byd hytikpl

si | oxane copol_ yner, dinet.hyl si,l oxy-term ol ydi net hylsi | oxane
trimethylsif FF&rﬁantéab%Eﬁ FSSt?FsPP8§§%g§£8g38 piiehfT fdaieal, aka
net hyl hydr oablaxdfe toopboute50% of thenBt hyhtel bxgrogeni anded is an
ph?”y'"EthYkﬁkkgéQ“%rom agout EEEByhBMQrQﬁE'Lﬂgaﬂsxfﬁﬁﬁ'ngﬁe of m is
trinmethyl sil'oxy-termnated nethyl cyanopropyl sil oxane- : :

met hyl hydr odeséxabdycéfal yner, trinmethylsiloxy-termn nated

3,3,3-trifluor 0%9@&%’1@ according 8b! PX@NEnGELLYLRYJERSI %Qfgpﬁrgaﬁo—
hyl Si d yl'si

copol yner, trinethy l'oxy-term nated 3-am nopropyl met oXane-
net hyl hydr obyBseahdoxapelydefined byt thaetR9Vei thgydererphafeemula is

2‘Pheny|ethXkHﬁ%@ﬁb&%k@é&geterminated”ﬁ&@u&bﬂﬁaﬁéb$9%§ﬂ§o§9ﬂéLyn@£he§“d
trimethyl siloxy-term nate

2-(4-nethy|ghenzl)é$t£glnethyl-
si | oxane- neER§ERYEF ¥s PP&YAREIRBRBY JREFLLoXane gy ot&CIYdRi ng of the
pol y(organohydrosi-k a%2Rg) si akeg-Rbemenytadt BenbyRY DSi 1 akaRe-reasyivpdrei h a
pol ycyclic polyene. Two or nore carbon-to-carbon double bonds react with a
| i ke nunber of siIiébm8ﬁ98F0583°?¥ﬂﬁﬁges to formthe cross-1linked product.
Cyclic pol yenes dhaethgishtoegpkoyndnated pdiyeylkyl i hygkine -sativplhgdrgounds
having at |east two_n n-arongg%gl ngp- conj ugat ed car bon-to-carbon doubl e
bonds. Preferred coftp gfage Y !

dimethylsiloxy~-terminated polydimethylsiloxane,

trimethylsiloxy~terminated methyloctylsiloxane-
methylhydro-siloxane copolymer,
dimethylsiloxy-terminated phenylmethylsilbxane-
methylhydro~siloxane copolymer,
trimethylsiloxy-terminated methylcyanopropylsiloxane-
methylhydrosiloxane copolymer, '
trimethylsiloxy-terminated 3,3,3-trifluoroprdpylmethyl-
siloxane methylhydrosiloxane copolymer,
trimethylsiloxy-terminated 3-aminopropylmethylsiloxane-
methylhydrosiloxane copolymer,
trimethylsiloxy-terminated 2-phenylethylmethylsiloxane-
methylhydrosiloxane copolymer, and
trimethylsiloxy-terminated 2-{4-methylphenyl)-ethylmethyl-
- siloxane-methylhydrosiloxane copolymer.

Cross-linking of the poly(organohydrosiloxane) takes place
via the hydrosilation reaction with a polycyclic polyene. Two
or mofe carbori-to-carbon double bonds react with a like number
of silicon;hydrogen linkages to form the cross-linked product.

Cyclic polyenes that can be employed are polycyclic hydro-
carbon compounds having at “least two non-aromatic, noan-
conjugated carbon-to-carbon double bonds. Preferred compounds



-4- I ncl ude cycl opent adi ene ol i goners such as dicycl opent adi ene and
cycl opent adi ene trinmer, nethyl dicyclopentadi ene, dinethano-

hexahydr onapht hal ene, nor bornadi ene, norbornadi ene di ner, and substituted
derivatives of any of these. M xtures of poly- cyclic polyenes,

particularly the cycl opentadi ene oligoners, are useful. Pol ynmeri zati on
can be pronoted thermally or using well kaown hydrosilation catalysts,
e.g., nmetal salts and Group VIII elenents. Radical generators such as

per oxi des and azo conpounds nmay al so be used, either by thenselves or in
conmbi - nati pRcludéd eybéEspentadieis.oligomdihe duyah aas |didywrlomaciddirene and
proceeds readi in the pres-.ence of | at i num cont alni ng catal yst. The
preferred c‘é¥%-g??/2f?8}ﬁg e€ o b%?%&ga%t?%%ea %ac%%%x}e?, i%me%ano

chl or opl at imexalygdcofdpetii R | exofbh$enad @ne Catathmtnadisrentdiate mn st
0.005 to ab %P . 025 % ' S o vei ght
of the pol y%#asg%%‘gtr%?,&%ﬁggﬁ/%%tgén%%fh&%#%%%i m?#%ﬁ%‘f%%ayoe% np %\?e
reaction. QGyeliolpelyemesonpoutienbaml vl the ry elamen tadidanmtelfadnesone

I nst ances, §yghug§ﬁgigj[err]. Plati num netal on carbon is also effective

for carrying out _the reaction at high tenperatures. Qher useful platinum
catal ysts are di Belymegizatien can (pe propoted 7theqnad 13 om g weld

3,159, 662; gkt hydfodPladfidn AeLas] g di sfdtesl Wais tdf Gy si s of
hydrosi | ati gn_can 'be found in_ Advances in Organonetallic Chem str Vol .
17, begi nniWHLbre HeRRNED7. Radical, GRReRARRA MR 3% ALFINIGRS AT6h 239 nked

pol yners ofcdhpSundy by dllsd Nse plsdd Uk e Ay i 1at e toranith RYmbi -
cyclic polyene, are mxed and heated to forma conplex, and, then, the

d
conpl ex and*3 FEC I L r YEHOhy TR 58t %8ne) are conbined, and the nmixture is
heated for a ti mheuiydosehlation sudestbidn giocesdds afeadid yadly ched ipres-

Permor at ur S5 b 1t Al qUitotithy eATRET TS pY 4L T
subst ant i al lyshnpl i i texmsST v § hatls teadt v ity dnsherodtovdis alfloroplatinic
acid (H,PtCl;H,0). Catalyst concentrations of 0.005
to about 0.30%, preferably 0.025 to 0.1%, by weight, based on
weight of the polyene monomer, will effect smooth and sub-
stantially complete reaction. Other platinum compounds can
also be used to advantage in some instances, such as PtClz.
Platinum metal on carbon is also effective for carrying out
the reaction at high temperaﬁures. Other useful platinum
catalysts are disclosed in, e.g., U.S. 3,220,971; U.S.
3,715,334; U.S. 3,159,662; and U.S. 4,600,484. An exhaustive
discussion of the catalysis of hydrosilation can be found in
Advances in Organometallic Chemistry, Vol. 17, beginning on
page 407.
In one embodiment, to form the cross-linked polymers of

. thts invention, the platinum-containing catalyst and poly- '
cyclic polyene are mixed and heated to form a complex, and,
then, the complex and the poly(organchydrosiloxane) are
combined, and the mixture is heated for a time sufficient for
substantially all of the polycyclic polyene to react with
silanic hydrogen. In some cases a single heating temperature
can be used and maintained until the reaction is driven to

substantial completion. This is suitable for lower levels of



-5 - cross-linking. However, for higher |evels of cross-Iinking, heating
is usually carried out in stages. Thus, periodic increases in tenperature
are effected over time to drive the reaction as the nol ecul ar wei ght

i‘ncr eases. To prepare shaped objects, the reaction can be carried out
in anold, at least up to the point at wheh sufficient cross-linking has
taken place to fix the polynmer in the de- sired shape. Heat treatnent can
then be continued after re- noval fromthe nold in order to drive the
reaction t GTOGREnkingy. However.i §o50bidpbrs levplepafecpopgmbiskbiga wide .

range of C'h%%%i'ﬂg”'is(j%%'iiatl}fl.y""cta@r'leﬁh@u%c@ﬁes%ﬁ &l s ‘I'HMS“t beel gi@ass- link
density is function of thé nunber of [err] ﬂ ages and ﬁe rati o of
si | ane hydﬂ&&éﬁ?sﬁé &rﬁ@ﬂpééﬁﬁﬁﬁedéﬁﬁl8f56ﬁ8§dlﬁv?ﬁet%@acﬁpoﬁrhYﬁ thei s

rati o can healdta®nikheutha tm‘éllec‘éllatrow%li@wt int@edses, Properties and
physi cal form of, the cross mers var with cross-1ink density.

Thus, it has beefl Pﬁﬁﬁar§o§gP8F§ Pg3ﬁ¥§ﬁaré BaERICELPR dS2N PASFITEF TR
naterla:s aﬁﬁ.F@ugﬂm@ﬂﬁSSﬁthbhﬁmrﬁp TbﬁthacgylﬁelaéSwﬁﬂdhekaﬁfp?féhe
materials, while.t a ity on their _own nerits, are,usua

i nt er medi af&® Sfo&ﬁgggn?hé &ngﬁr 3Fep§?yﬁé¥|§%ﬁ ?%fYW%rtbﬁg %%sy
pol yner st stieedy shape trﬁéhkemteammehtecanfuhéhebeCGOﬁﬁzhhéﬁi@Qter re- By

o oy BBRRIPELBLE LAYChbIaPPhyEIsRy LBabiVL o PEOINELOR 18 ol lfel | O

at lower tenperafilres can be récovered as a yner,
even thoughiphe ratio of >C=C< to [err]Si-H is otherw se suitable for

crose- 11 ng. - $4ch sckekiuephal ¥BNSBeUEL BAYFmEPETLEY | ¥ L SELINISED

carbon- carbon doubl e bon nore reactive
during hyr 6SPE&riLaRk( Asneity yéthéﬁ thehscapg eEsthhs nilevewhiomnd Gtagef or e

i ncl ude f0&1§&aﬁﬁh%1@&0ﬁ%p%nﬁﬁﬁb%@%nobfgeﬂﬁrﬁuﬁH@P 3§==$§¥ﬁ|99ﬁf%?%§gﬂﬁdand

cycl opent adj ene tri nmer, g di cycl opent adi ene
heat - cur abFBepERE#er 8F &héPB@oUg FBgFﬂé £9- carPeu-greheydowklqsbonds in

encount er egthenrekl@@iochhaiRSetrthis ratio can be from about 5 to 1 up to
about 1 to 2. |

Properties and physical form of the cross-linked poly-
mers vary with cross-link density. Thus, it has been found
possible to prepare tacky solids, elastomeric materials and
tough glassy polymers. The tacky solids and elastomeric
-materials, while they have utility on their own merits, are
usually intermediate products that are further poiymerized to
the tough glassy polymer state by heat treatment to effect
further cross-linking.

By selecting appropriate cyclic polyenes, the initial
product of the reaction at lower temperatures can be recovered
as a flowable, heat-curable polymer, even though the ratio of
>C=C< to =Si-H is otherwise suitable for cross-linking., Such
‘cyclic polyenes must have chemically distinguishable carbon-
carbon double bonds, for instance, by virtue of being more
reactive during hyrosilation (more "electron-rich" and less
hindered), and therefore include for-éxample cyclopentadiene
oligomers such as dicyclopentadiene and cyclopentadiene trimer,
and methyl dicyclopentadiene.

Such flowable, heat-curable polymers, analogous to the
so-called B-stage resins encountered in other thermoset



- 6- preparations, can be recovered and stored if desired for curing at a
l'ater tinme. They are stable at roomtenperature for vary- ing periods of
time, but dpon reheating to an appropriate tem perature, they cure to the
sane types of polynmers as are pre- pared when conplete polynerization is
carried out substantially inmediately. ~ The B-stage type polynmers can
be prepared by heating the reaction nass to about 40 to 65[err]C and
maintaining it at that point _for severa ? Ee |nte ting the
feact i on bPTPERBOLAGREhCCRBAPEUREFPVEEEN TPTCSERETY 15 dRaiTed FOF CONEIRY e

t he transi &itoa tlaterctase-| i Theg ekassaableCaorrgbnssgmpefaﬁﬁfe foe vary-
fl owabl e p

ners.w aye 5t 0% preferaply 30 to 60%of the [err]Si-H
groups rea&Pédpefﬁggg %E ¥éﬁ§'t§%§ B%?@nﬁ?ge EE*@éH%r%TI?p%W%RﬁﬁEF haair bl e
| i quids at pewatutrenpehayucereThe thecsameytppesuch poqmmdssva3|£5evptéhthe
pur- poseserhd el S4RByRER bELymdb PR RERSh {2 ML FOT S8 Mol Mo R BUPEY
nonitorlnglmhedVRSGQKkty bui | d-up. The uni que silicon-containing
pol ymers of thi Nge 0, t | eir
physi cal form ?%%kg ggkggsbggs ﬁ% _QES %a#y%% éfﬁﬁ ngsgﬁ+a S ggtﬁgeful
as tackifi Beacthopr Bag8r kosapant 4@ %@Ih@g | Qe%n%rmﬁlést%mﬁ%tl*a(ﬂ]%s#%%

They are aLgonusebyl sageshiURbUFS! QHéethéthﬁtefiﬁﬁiﬂﬁb'Ehé'féhcif?
strong bonds due to a hjgh afflnlty of the silicones for, polar ta or

gl ass surf RRBRVingethe AReahetR bl bnboeh nkiie it e’s&é’r?%‘rﬁe%o‘%‘? iGRpplete

conmpounds £Re ekaﬁh&embﬁ aapb.l@ﬁés@nhﬁk@&eeli@ﬁ(orﬂé’fh@%ﬁujﬁ&séﬁ $oipnand
are insens

i v odu ts t hat been pol nerl ed to e
Poogh o aome tELbgetTe Tatymer e v DL Hav SO AR o Hr e ko &0
hi gh tensibé sheﬁgﬁhHagﬂogpsdrééet(e@topBIésesB-stage T&@@Eﬂowm taﬁé of

these ol yBEES 815y b 38cULs! #1050b 1.1 JUG 6L 0P LI denal i bl Deme

controlled o glve a ransi
stability vAsapsity qftsoghnlnguodsevaemesmmiﬁhu§MaJdqgtessofH%&iﬂﬂ@ﬁ

groups reacted. The practitioner can select, for his own pur-

L

poses, the point at which the polymerization is to be inter-
rupted by monitoring the viscosity build-up.

The unique silicon-containing polymers of this invention
have a range of utilities, depending upon their physical
form. Tacky solids or the B-stage type liguid materials are
useful as tackifiers in pressure sensitive adhesives and as
contact adhesives. They are also useful as structural adhe-~
sives, curable in situ, to form strong bonds due to a high
affinity of the silicones for polar metal or glass surfaces.
The elastomeric embodiments make excellent potting compounds
for electronic applications since they can be cured in situ
and are insensitive to water.
~ Products that have been polymerized to the tough glassy
state are characterized by high physical properties, i.e.,
high tensile strength and good flex properties.

Thermal properties of these polymers are also outstand-
ing. The cross-link density can be controlled to give a wide
range of glass transition temperatures. Thermal stability in
air or nitrogen is excellent with usually less than 10%



-7- wei ght |l oss at 500[err] C during thernogravinmetric analysis. At
1100[err]Cin air or nitrogen, they | eave about 50%  resi due. The pol yners
are fire resistant. They burn very slowy when sub- jected to a flane and
sel f-extingui sh when the flame is renoved. A particularly striking
property of these polynmers is their virtually total insensitivity to water.
They have been found to be unaffected by_hailing water after extended peri-
ods. Further cross-linking nay be achieved by platinum catal yzed reaction
of [err]Si-Hwith [err]Si-OH The [err]Si-OH groups are generated by the

reaction ?fwéﬁjﬁﬂ Sods Wt fsom*&mmm; Qilﬁrmddr%'iumﬁ‘a adlal1y siiERr OWe upon
eXpOSUI’ e

& The tough ol are useful ,in man
appl i ca- tllolnv@ vé‘ue’r'é HPHE |%“ﬁ%?ﬁeéﬁ'p%%fg 5 At rss 13k |
OL in Eev\ﬁrpdzlymsé@s are fmearﬁegaj:;;%.of hm*e;sgnq&?i ?b‘erlfersio'&ﬂy\l\%%rn, s];amdh
their high fenperature erti e themi.deal  for catiqns of this
type. Moreol&Fte ‘{ate %’p&% ‘gt SxtIngRLs tl?"?péld‘mef itCant | y.
better thaméﬂuuedﬁ gl ass so that |'jned tanks can\Mtrwtand t he rlgors of
shi pment, handl i I tIO t han The tou
gl assy polyners g%&xﬂ“ﬁ?ﬁ% A g(n qt/\@arolpnd% 62?‘?‘%55 gﬁ&ygﬁgﬁ, é%l
i nertness radwiyr eoixftoralino stdtstl] anﬁ@nsoé'-s-@m tas wartieirf.i ciThleyj banvesbe€hnei r
i gh L emPorAlie d S HIEFdIRP b&h%fﬁk B Gl Qi oARLAN pak3-and

al so as ablative materi reentry con
of options Q& st Ffl@‘rth%o}’rmﬁﬁaﬂwlamlﬁtﬁw@ iachd evied b&l y’ﬁnéltlnnadl ti ves

such as fildAr5 vk F}:‘éli@dlto% Ye=taal i dheinepat e%e@g@aﬁb b26kps

vermculite, mca, wol- |lastonite, cal cium carbonate | ass sp heres
and gl ass BERISeRergtcithPYythes taactd oA SSdrH Wikl Watrat sgaﬁrgger -

i ncor por at Etcieﬁdalrer&c&m@er\ﬁ%xw&@poaﬁ erx%'o%ﬁAQl’eCQ@ieﬂht@E' as fl | l'ers and
extenders to redyce the _cost of the_nol ded product i.llers can

be present in a tOUFR « FIAGSY: Peggimers ar@ ysefyl &Er HBHY E'PQ icgraphite
fibers are tirinsedierey ginlds iy tow lemplioged apql wngr. ,eqhodarest tanki ng the
pol ymer s liners or in Dewar flasks. The insensitivity of these poly-
mers to water, and their high temperature properties make them
ideal for applications of this type. Moreover, the impact
resistance of coated glass is significantly better than that
of glass so that lined tanks can withstand the rigors of
-shipment, handling and installation better than glass.

' The tough glassy polymers also exhibit the léng wearing
properties and chemical inertness required for prosthetic
devices such as artificial joints. Their high temperature
resistance makes them useful as refractory materials and also
as ablative materials for, e.g., rocket reentry cones.

A number of options exist for incorporating additives
into the polymer. Additives such as fillers and pigments are
- re8dily incorporated. Carbon black, vermiculite, mica, wol-
lastonite, calcium carbonate, sand, glass spheres, and glass
beads or ground glass are examples of fillers that can be
incorporated. Fillers can serve either as reinforcement or as
fillers and extenders to reduce the cost of the molded
product. When used, fillers can be present in amounts up to
about 80%.
Glass or carbon, e.g., graphite fibers are wetted very
well by the liquid prepolymer embodiment making the polymers



excellent matrix materials for high strength conposite struc- tures. Thus a
nmol d containing the requisite staple or con- tinuous filanent can be
charged with the B-stage type pre- polyner and the prepolyner cured to form
the desired conpos- ite structure. Fiber in fabric formcan al so be

enpl oyed. Fi ber reinforced conposites of-ghe polyners of this invention can
contain as nmuch as 80% of fibrous reinforcenent, and, when fully cured,
typically exhibit extrenely high tensile and flexural properties and al so

excel | ent EF%ﬁﬁe%Er%QQEEx PhierihyReFoef highessrefiggh, cﬁmpabataegaﬁue-or
synthetic po bers, can al so he ,use

ant i oxi danttslr@rse uSeME a SOk W&%W@%g&eaééqé?ﬁﬂgﬁﬁ itahSrpf:BBOI yNEer s
and the th%&%&bu%XEQ§hh¥%tSEahlbbtthﬁ&abhewﬁthakhpraéacage typelprehe

| t hat, foll t.hyl - _hyd
Cr 0560 || nk PV GOIc &8 P SpeLyaRes CTE ondH FhendeRar S BRBSPaL i i c
aci d catal y$te gE&@cmﬁkﬁ(ﬁEEﬁbbhydhofabaianés;mhaaa ameogbaeeaplbyeﬁula
I[:g: HJI ab Fiber rqjé&%djﬁ:m %‘#m%%se.%e\é ﬁst\f)@r %o(i?%%%]sl b@k%aé F}'{xventlon

PS-1 can?22ontainDas much B8080O% of f1brouspgeinforcemen35 and, ghen

2,270 6 S-4
9 17 fu ljg'éﬁﬁp% typically %gﬂgblt extremgl%Sglgh ten51%e2%88 R

and y esti rfleemrbds gadoperdies fndmadgoplexeellent impact strength. Other
types of fibers, e.g., metal, ceramic or synthetic polymer

fibers, can also be used.

Stabilizers and antioxidants are useful to maintain the
storage stabilty of the prepolymers and the thermal oxidative
stability of the final product.

In the examples that follow, a series of poly{methyl-
hydrosiloxanes) were cross-linked with polycyclic polyenes
under the influence of chloroplatinic acid catalyst. The
poly(methylhydrosiloxanes) have the general formula:

cH{™ H ] — CH | cH

3 : 3 3
! | - | i

CH3—Si—-O-?i 0-?1—-0—?1—CH3

i
CH CH CH CH

3f 3 _] | 3] 3

x Y

The following polymers were cross-linked:

FormulabP
Designation x3 ya Weight
) PS-1 22 0 1,500
pPS-2 35 0 2,270
pPS-23 6 6 950
pPS-4 9 17 2,000
PS-5 5 25 2,250

a) x and y estimated based on data fron supplier.
p) Approximate formula weight as reported by supplier.



b) Approxi mate fornul a wei ght as reported by supplier.

~9- Exanple 1 A dry, Nerr] sparged
vessel was charged with a stir bar and 0.0113 g of chloroplatinic acid. The
vessel was seal ed and charged with 13.69 g of norbornadi ene. The m xture
was stirred for 30 mnutes at 50[err]C. PS-3 (43.46 g) was added and the
reaction mxture 'stirred 16 hours at 50[g{r]C: A sanpl e of the viscous,
fl owabl e reaction m xture was poured i ntd an al um num pan and t he sanple
was heated in a nitrogen sparged oven at 150[err]C for 16 hours, 225[err]C -
for 2 hours, 250[err]C for 2 hours agp ZBQLgrr]C for 16 hours. The product
was a clear elas- toner. =xamp.® - Exanple 2

Fol | owi ng t he genena# P cechirged veSsaipwasl chr8gad( #8tB3agstwdsbadded to a

heated (73] erJ ]0 ?%H’e o&eg:tﬁl%(}r 080 1¢ a4l 21‘1‘@% gLP%QQ QEEOEQQEQE' ni c

acid (0. 0183 mxture was stirre ours at 73C
The reac- tam@n qhmgﬁdeﬂm L3 .66 ad ofhnerPorapddangsat EhenBLAtHRE PAE mol d

was pl aced gdﬂ éqtfoqg% SR \y@% %\&e%oatc 15%&@5@31‘ 96 4§ Wayrsagedhsnal ear

cross-1inke e was reno fromth ostcired at 200[err]C
for 2 hour@m;emzm a ¥t g st e &%P@@ra éFeéP E-asfofapple of

Exanpl & 3 the iQddudd n&l%b@.%nye%'ctﬂrdhc@ﬁl:trt%rlenwgéaﬁibheea 1BSo3af176 03 0)
was added to a heated (70 err]C) mxture of dicyclo- pen adi ene

34
and chIoro@%ﬂﬂ#ﬁq?z£§Qj49§-G@fisﬁwpl?hgaﬁe ino] ﬁPxFuPé ER8EReP ﬁgF 115C

20 seconds Afdrelatt NBPE Faddiet homrsthe2siod gog Batotks,,r @80Par £brhaurs at
IOO[err]C and then |? ected int §¥}eflon oated .nold. The | d maiaglaced
e

in a nitroG&y 8}/ én Ta%d & Sr1 r STRAUEFSFASNG SA°REUP
200C. The QﬁﬂﬁﬁrJlnked sanple was a cl ear el as-

Example 2
Following the general procedure in Example 1, PS-3
(68.63 g) was added to a heated (73°C) mixture of norborna-

* diene {21.63 g) and chloroplatinic acid (0.0183 g) and the
resulting mixture was stirred for 2 hours at 73°C. The reac-
tion mixture was injected into a teflon-coated mold and the
mold was placed in a nitrogen sparged oven at 150°C for 16
hours. The clear cross-linked sample was removed from the

" mold and postcured at 200°C for 2 hours and 280°C for 4 hours

to give a clear elastomer.

Example 3

Following the general procedure in Example 1, PS-3

{76.03 g) was added to a heated (70°C) mixture of dicyclo-

pentadiene (34.40 g) and chloroplatinic acid (0.0221 g). The
- reliction mixture exothermed to 115°C 20 seconds after the PS-3

addition. The mixture was stirred for 5 hours at 100°C and

then injected into a teflon-coated mold. The mold was placed

in a nitrogén sparged oven and heated 11 hours at 175°C and

24 hours at 200°C. The cross-linked sample was a clear elas-

tomer.



t omer. -10-

Exanpl e 4 Fol |l ow ng the general procedure in Exanple 1, PS-3 (8.71
g) was added to a heated (50[err]C) m xture of dinethano-

hexahydr onapht hal ene (4.71 g) and chloroplatinic acid (0.0027 g). The
reaction m xture exotherned to 159[err]C and set wup into a clear el astoner
3 mnutes after the PS-3 addition. The el astonmer was renoved fromthe
reaction vessel and postcured in a nitfﬁﬂgh sparged oven 2 hours at 225C,
2 hours at 250[err]C and 16 hours at 280[err]C. The postcured sanple was.

a clear elastoner. Exampl e 5 Fol | ow ng
the general procedure in Example 1, aZZBPBEEod of PS-3 (19.72 g) in
met hyl ene chl ori #ell2wing whe gddedalopachedued {(ZOErample Dj xbs+8 of

di met hanohexahydr grapht.h 0.6 tinic.acid 0061 g).
The reactioﬁgnygtg eagko?ﬁg g ?53%9 gs #9upgfg?ﬁe a°F| k?ﬁ# a?%an160
seconds aftbﬁxabﬁﬁﬁpanpbthahenés(sﬁEH[gbr?@ﬂ[ehl¢repﬂatimnc Foedf oam was

heated for 2ohedby gﬁ @n@ngeagg??xsdzé&eﬁk%hsxs 5“&%@ Mssi?gban dQﬁdf Qam

was then postcured hours at 1 err ours err hour s
at 280[err]€Ptén§Pvé sleprt elagherer piguteangfter the PS-3 addition.

Exanpl e 6 the E2hkewnag WhS Pensval @feﬁeéuéer%maéﬂmss al P%& (17.5 9)

was added to a heated m xture (50[err]C) of nor nadi ene and
chIoroplat|HPEtSEFSd(6“06421§¥°9#ﬁe5P%§€?¢oﬁvﬂ¥x¥L#Qﬂﬁﬁsa§t225e%:f%r 16

hours at 50fléﬁEkCatA2§@H’Q| gnaf 16NBotifs AE12QO°OL XIHHE YEStPREESIsA R Lo AN
al um num pan_and hours at 150C, 2 hours at 225[err]C, 2 hours at

250[ err] € alidS18 ﬁgﬁ?g 812588P8Fr] C. The cross-1inked sanple was a cl ear

Example 5

Following the general procedure in Example 1, a solution
of PS-3 (19.72 g) in methylene chloride (2 ml) was added to a
heated (70°C) mixture of dimethanohexahydronaphthalene {10.66
g} and chloroplatinic acid (0.0061 g). The reaction mixture
exothermed to 153°C and set up into a flexible foam 60 seconds
after addition of the PS-3/CH 1, addition. The foam was
heated for 2 hours at 75°C and removed from the reaction
vessel. The foam was then postcured 2 hours at 150°C, 4
hours at 200°C and 4 hours at 280°C to give a white elasto-

meric foam.

Example 6
Following the general procedure in Example 1, PS-4 (17.5

g) was added to a heated mixture (50°C) of norbornadiene
~ (3.82 g) and chloroplatinic acid (0.0042 g). The reaction
" mixture was stirred for 16 hours at 50°C. A sample of the re-
action mixture was poured into an aluminum pan and cured 16
hours at 150°C, 2 hours at 225°C, 2 hours at 250°C and 16
hours at 280°C. The cross-linked sample was a clear

elastomer.

a7
"

Example 7

Following the general procedure in Example 1, PS-4



el ast oner . Exampl e 7 Fol | ow ng the

general procedure in Exanple 1, PS-4 (14.23 g) was added to a
heated m xture (50[err]C) of dicyclopen- tadiene (4.45 g) and
chloroplatinic acid (0.0037 g). The reaction m xture was stirred for 16
hours at 50[err]C. The reac- tion mxture was poured into an al um num pan
and cured 16 hours at 150[err]C, 2 hours f¥_225[err]C 2 hours at 250[err]C
and 16 hours at 280[err]C to give a cl ear el ast oner .

Exanpl e 8 Follomﬁng t he general procedure in Exanple 1, PS-5 (56.8 Q)

o R, | 81223749 4eR0bAkEh ko hub ol nIREPE NS0 °6F §§ 42cH41386h-

chloroplatlnlc ‘aci he reaction mxture was stirred
hours at 60tedipae THe45eadtﬁBﬁ ghkoreplathascpaaidd{Prn@d3ang it unThem pan

and cured 1§eaeua§nah1;é%er WhS s?.lbeaana& 285h86+L Gat 256981 S Bhe 25008LT] C

and 16 hours at 280[err]C to give _a, clear el astoner.
Exanple 9 tionpgig %Fﬁg"?ﬁePBEHEQaFnEPoé@dﬁiBm%ﬁuEkBﬁ%I%nq cypred 1§38 09 ()

was added tRoarBeatedsOTo[ errhSursi xtunesot nerheirs-a€i 256°¢ 8289 g and

hi | atipi Th - t t df 2
ours Bt 7SPBRFRCaindUP N EPORIYALS BLERTI BEREAREE: ol o The mold was

pl aced in a nitrogen sparged oven and heated for 16 hours at 150C. The
cl ear el astoner was renoved fromthe E?ampf 8post cured 4 hours at

200[err]C to give a clear elastoner. Exanpl e
10 Following the general procedure in Example 1, P8-5 {(56.8

g) was added to a heated (60°C) mixture of norbornadiene
(6.42 g) and chloroplatinic acid (0.0125 g). The reaction
mixture was stirred for 16 hours at 60°C. The reaction mix-
ture was poured into an aluminum pan and cured 16 hours at
150°C, 2 hours at 225°C, 2 hours at 250°C and 16 hours at
280°C to give a clear elastomer.

Example 9

Following the general procedure in Example 1, PS-5
(78.09 g) was added to a heated (75°C) mixture of norborna-
diene (8.80 g) and chloroplatinic acid (0.0177 g). The reac-
tion mixture was stirred for 2 hours at 75°C and injected
into a teflon-coated mold. The mold was placed in a nitrogen
sparged oven and heated for 16 hours at 150°C. The clear
elastomer was removed from the mold and post cured 4 hours at
200°C to give a clear elastomer.

Example 10

~ TFollowing the general procedure in Example 1, PS-1 (10.0
g) was added to a heated (60°C) mixture of dicyclopentadiene
(9.83 g) and chloroplatinic acid (0.0040 g). The reaction
mixture exothermed to 180°C 15 seconds after the PS-1 addi-
tion. The mixture was stirred for 2 hours at 60°C, then
poured into an aluminum pan. The sample was cured for 40
hours at 150°C, 2 hours at 225°C, 2 hours at 250°C and 16
hours at 280°C to give a hard, glassy clear solid.



Fol |l owi ng the general procedure in Exanple 1, PS-1 (10.0 g) was added to a
heated (60[err]C) nixture of dicyclopentadi ene (9.83 g) and chloroplatinic
acid (0.0040 g). The reaction m xture exotherned to 180C 15 seconds after
the PS-1 addi- tion. The mixture was stirl@d for 2 hours at 60[err]C, then
poured into an al um num pan. The sanple was cured for 40 hours at 150C, 2
hours at 225[err]C, 2 hours at 250C and 16 hours at 280C to give a hard,

gl assy cl ear solid. Example 11 -12-

Exampl e 11 | I e si.n le 1, RBS,1 (48.75.
g) was added to af%eiaﬂ!ﬁgd‘gr#icg %ﬁ?ﬁ% 0 edilgyﬁép e lt'aéJiDsSH'e (47.91
g) and chl ordf =43 1k was Rdded 196 aylheatrd (685Q)i ovixtureucd dicydoped 0
133[ err] C 2Q By £f tar dyyyt' 3 ol RE T i I Xt ur S ,
stirred for 16 haour s( ,atﬁl%i[]garnrd:‘%?ﬁt hen lialrﬁlglcltce %ilr?teg%téoggfaw-'co?\egg nol d

and cured iR WodtiEHr e RRVMT@aD tQ VB34 h20d segoadsy aditear thel i d.
Exanpl € 12 ps-1 dddita®n\g e GRIon MG wal BX3TRkd *orPPslnbargs
g) was added t i@{?;atﬁg (75[err Jmi xture -of di met hanohexahy-
dronaphthaléﬁbq( &7 Prethd g 5 hide teGlensoaded gpldrRadr enseton
i xt ure exotfivar Msd Homr2@tersCand itieanaxhare ,palygeyi zedatosalii.te

el astoner. The sanple was renoved fromthe reaction vessel and postcured
for 2 hours at 225[err]C, 2 hours at 250[err]C and 16 hours at 280[err]C to
give a hard, glassy clear solid. Example 12 Exanpl e 13
Fol | owi ng, t he ge | .Rrac rel anpl e a solution,of PS: 7,20_q)
in methyl ene chl Eﬁlﬁé’"?é‘%m%?“émﬁs%%d%cg%’ﬁést a8 #’1‘6?‘8}?] & aniﬁ'ur(g‘gg
di met hanohegahyéasonddiedhaiocpeheated ¢7536d aiiktnopl afi dimeahadoh8x8R$3 g) .
The reacti og, g i h [ i a uhj fgam 120
seconds aftefggé ifﬁgﬁég%'ﬁﬁg%gsg /égﬁe???égfg?g£§§% u?%gﬁ.(ﬁggbﬁgaﬁjmas

r enoved froWhFhEeP§5é9P9H1#§§§ele&ﬁﬂhéﬁméé tor2068°Aoand the2odgttund 24
hours at 28@beihbeizeddit¥Cadwthidask1¥litbfiet0@Mme sample was removed

from the reaction vessel and postcured for 2 hours at 225°C,

2 hours at 250°C and 16 hours at 280°C to give a hard, glassy
clear solid.

Example 13

Following the general procedure in Example 1, a solution
of PS-1 (7.50 g) in methylene chloride (2 ml) was added to a
heated (70°C) mixture of dimethanochexahydronaphthalene (8.80
g) and chloroplatinic acid (0.0033 g). The reaction mixture
exothermed to 181°C and set into a white foam 120 seconds
after addition of the PS-l/CH2C12 solution. The foam was
removed from the reaction vessel and cured for 16 hours at
200°C and 24 hours at 280°C to give a glassy white foam.

-

Example 14

Following the general procedure in Example 2, PS-2 (9.71
g} was added to a heated (65°C) mixture of norbornadiene
(6.91 g) and chloroplatinic acid (0.0033 g). The reaction
mixture was stirred for 16 hours at 65°C to give a clear
elastomer. The sample was removed from the reaction vessel



Exanpl e 14 Fol l owi ng the general procedure in Exanple 2, PS-2 (9.71 Q)
was added to a heated (65[err]C) m xture of norbornadiene (6.91 g) and
chloroplatinic acid (0.0033 g). The reaction m xture was stirred for 16
hours at 65[err]Cto give a clear elastomer. The sanple was renoved from

t he reaction vessel - -13- and cured
for 16 hours at 200[err]C, 2 hours at Z%S[err]C, 2 hours at 250[err] C and
16 hours at 280[err]C to give a clear glassy solid.

Exanpl e 1 t%%ﬂkﬁf ot OL W X FFY &, 12 RSz o %t71 9)-

was added 1f1eate m xt ure of nor bor nadi ene (6 91 ¢ an

chl or opl at?ﬂpcca%m@i 9. msesg%t 28R° G e t9 bve A ahaar HRs|Y sdd Feor

hours at 65[err]C and poured into an al um num pan. The sanple was cured for,
16 hours at 150[err]C and 7 hours at 200£grr£C to give a hard, clear,

gl assy solid. Examp anpl e 16 Fol | owi ng the
general pr ocedwﬁid\vﬁgfrﬂq{@ Jendi& R drifodiPe ias mxaged o  ,a PSR 4. 71
(65[err] O xture_ of [

cycl.opent adj 16, 53 d chl oro .atinic acid
(0.0064 g)9’ TS radded &P rﬁx}i‘gﬁ ‘gx(ﬁeﬂ %ﬁag e ESfs after
the PS-2 atigligl tgorand hﬁﬂrammmzmo(tamei v&a’s 033 ad f dmelfi'ela@ttrlsarﬂt

55 C and_48 h t i -
num pan afBEGTE 148 SR o 200nEe T © Roarl HoAd dAeat Tour s
at 250[ er rd Xaneinchmd Godrour sm'sé %mleer EE tcmrgad/efoa: A& douaiseart, 1§I03Sspngol i d.

Ex | 17 F || t | | .2 PS-2 (76. 21
9) a\l\rr/gseaddec}l? O hed edgci 7%?#16‘? réah éu)(r::éjlo a, S%ljld. (

Example 16

Following the general procedure in Example 1, PS-2 (16.0
g) was added to a heated (65°C) mixture of dicyclopentadiene
{(16.53 g) and chloroplatinic acid (0.0064 g}. The reaction
mixture exothermed to 182°C.15 seconds after the PS-2 addi-
tion. The reaction mixture was stirred for 16 hours at 55°C
and 48 hours at 75°C. The mixture was poured into an alumi-
num pan and cured for 16 hours at 200°C, 2 hours at 225°C, 2
hours at 250°C and 16 hours at 280°C to give a hard, clear,

glassy solid.

Example 17

Following the general procedure in Example 1, PS-2
(76.§l g).was added to a heated {(75°C) mixture of dicyclopen=-
tadiene (77.90 g) and éhloroplatinic acid (0.0317 g). The
reaction mixture exothermed to 153°C 70 seconds after the
PS- 2 addition. The reaction mixture was stirred for 16 hours
‘at 136 C and injected into a teflon-coated mold. The sample
was cured for 16 hrs at 280°C to give a hard, clear, glassy
solid.

The cross-linked polymers prepared in Examples 1 through
17 were subjected to thermogravimetric'analysis in air or
nitrogen to determine the temperature at which their thermal



tadiene (77.90 g) and chloroplatinic acid (0.0317 g). The reaction m xture
exothermed to 153[err]C 70 seconds after the PS-2 addition. The reaction

m xture was stirred for 16 hours at 136[err]C and injected into a
teflon-coated nold. The sanple was cured for 16 hrs at 280[err]C to give a
hard, clear, glassy solid. The cross-linked polyners prepared in
Exanples 1 through 17 were subjected to t frnngraV|nEtr|c analysis in air
or nitrogen to determne the tenperature at which their thernal

-14- wei ght | oss reached 10% and the residue remaining after in- creasing:
t he tenperatuhento Ol.er. at ~gh ate 0 r QkQu s;are
e e In%%hgh%bﬁhgﬁ %%afkgd lf% 8nb2tRekedPalt rghQYB§ngR§§EE# ﬁ 1
Exanpl e creaging the tey@qrapurgogg 1100°C a4, the rate ofp20° per

Atnosphere pinute. ®Re8uikS are recoP@8dY8 the followinglTable 1. N2
510 68 2 Alr 480

66 3 Ai o 490 58 4
N2 500 64 Tablel g Al r
4 : .
620 : 758ExampleN2 6TGA 2%60% Wt. Loss ggo 3 g
N2 500— No. Atmogphere (§C) ABgsidue
égo 1156 - &g Ngo 510 5254
2 r o air 520 a0 50 g6 .
12 N2 3 510 ,ir 68 490 13 A r
400 54 % N2 200 55D,
75 | 15 5 Air 525 430 76 58
16 N2 p 510 Ny 67 540 17 5 Air
525 49 g N5 500 62
8 N 500 52
9 Air 400 56
10 No 525 72
11 Air - 520 50
12 N 510 68
13 Air 400 54
N 14 Ngy 550 75
15 Air 525 76
16 N, 510 67

17 Air 525 49

Examnple 18
A complex of 0.0190 g of HthCI6 20 and 48.54 g
of dicyclopentadiene was prepared by heating at 170°C under a
nitrogen blanket for one hour. PS-2 (47.50 g) was added to
the complex at 74°C. The reaction exothermed to 182°C in 12
seconds. The opaque, milky white mixture that resulted was
cooled to 30°C and injected into a glass filled plaque mold
and cured at 150°C for 17 hours and 200°C for 6 hours. The
' gféss filled plaques were removed from the molds and post
cured at 100°C for 0.5 hours, 150°C for 0.5 hours, 200°C for
2 hours, 225°C for 2 hours, 250°C for 2 hours and 280°C for

. 16 hours.

Example 19
A complex of 0.0379 g of HZPtC16H20 and 94.75 g
of dicyclopentadiene was prepared as described in Example




Exanpl e 18 A conplex of 0.0190 g of Herr]PtCdJ[err]Herr]O and 48.54 ¢
of dicycl opent adi ene was prepared by heating at 170[err] C under a nitrogen
bl anket for one hour. PS-2 (47.50 g) was added to the conplex at 74C. The
reaction exotherned to 182[err]C in 12 seconds. The opaque, ml|ky white

m xture that resulted was cooled to 30[®k¥7C and injected into a gl ass
filled plague nold and cured at 150[err]C for 17 hours and 200[err]C for 6
hours. The _gl ass _filled plaques were renoved.  fromthe nolds and post cured
at 100[ err L8f oFS0% (HAnd2 IIsvper apdefotoptBensamilexoptel#f €-f ofhe hours, -
225[ err] C fredack iltalismedBIt1n Cxiothezrdauis 2ad °280( enp) praQ[le:,L(SmI?QHZS-
Exanple 19 _, A.cgnplex of 0.0379 g gf,E[err]PtQ [err]H err]O and 94.75 ¢
of di cycl ofBAESIPAFE WSS ¥BPeFRPE8asPdelc i BBE iRJeRERPl &nto glass

-15- £18.1e@SmD1(d&2. 62hg) read nadded cugedhascaspbeival T4l EkahfleThs.
reaction i medi ately exotherned to 144C. The opaque, m | ky white

m xture was cooled to 30[err]C and .injected into gl ass filled nolds.
The resi'n was cured as descri bed i n Eecnmple 2(8.

Exanpl e 20 preqBlces 8560 4380 g sloitaral B4 grghHperr] O and

45.99 ¢ of.éiggg opentadi ene was prepdred &s2descri bed”rnExanpl e
18. PS-2 (96. ddcyrlamensrdikpeandedprrepahedcaapiiescuibg@| knrEtample The

reaction iﬁ@?di@b?by(géQb@eﬁqegansig§%gr5h§ gf@S ERSULLABY ex toﬁéq??’
creanmed col ored m xture was cooled to [errf and 1 n- jec?ed I'nto
glass fill éaensrastinn éomediateipopsptherned 18 h3%fS. Thenvegobtant]C

for 8 hourgpadhe, b@eamkll k8doPkadnestWBECWLENRYE tofﬁﬁmbtgﬁanhﬂ and

post cured,as desc¢ribed_ in ExanPIe 18, PhZS|ca properti es of

t hese glasée?FF eHnF859ﬁ§s§réll ed molds and cured at 150°C for 15 hours
and 200°C for 8 hours. The glass filled plaques were removed

from the mold and post cured as described in Example 18.

Physical properties of these glass filled resins are
* recorded in Table 2.

Table 2

Physical Data

Rheometrics
Example Wt. % G' {(GPa) at T (C)
. o No. Glass Tg {C) 25 100 140 180 200
18 55 150 1.6 1.0 0.58 0.38 0.37
19 57 124 1.4~ 0.84 0.56 0.52 0.54
20 50.6 60 0.80 0.46 0.44 0.45 0.46
Mechanical
B - Flexural Tensile
Example Wt. % Strength Modulus Strength Modulus
No. Glass Ksi Msi Ksi Msi
18 55 24.5 1.69 18.7 1.31
19 57 22.8 1.70 17.0 1.09

20 50.6 11.5 1.25 10.6 0.819



recorded in Table 2. Table 2

Physi cal Data Rheonetrics Exanpl e W. %
G (GPa) at T (O No. d ass Tg (O 25 100 140 180
200 18 55 150 1.6 1.0 0. 58 0. 38 0. 37 19
57 124 1.4 0. 84 0. 56 C-1%2 0.54 20 50. 6 60
0. 80 0.46 -0.44 0. 45 0. 46 Mechani cal

Fl exur al Tensil e Exanpl e W. % Strength Modul us
Strength Modul us No. d &ample 2IKsi MVbi Ksi
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11.5 1.25 A dry.10i6rogen sp@rg§ed vessel was charged with dicyclo-
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B- St age Respm. Preparation A dry, nitrogen sparged three neck round
bottom f | ask equi pped with a nechanical stirrer, condenser, and a septum

B-Stage Resin Preparation
A dry, nitrogen sparged three neck round bottom flask

equipped with a mechanical stirrer, condenser, and a septum
inlet was charged with hexane (500 g}, dicylclopentadiene
{245.20 g), and PS-1 (250.00 g). Catalyst concentrate (3 x
0.26 g) was added to the stirred solution every 2.5 hours.
The reaction mixture was stirred for 15 hours (ambient tem-—
perature) after the final catalyst addition. Tetramethyl-
ethylene diamine (0.13 g) was added to 250 g of the reaction
mixture. The resulting solution was stirred for one hour at
ambient temperature. The hexane was removed under reduced

" pressure at 50°C. .A sample of the resulting viscous liquid’
was heated in a nitrogen sparged oven at 150°C for 2 hours
and 250°C for two hours to give a slightly turbid, hard,
glassy solid.

Example 22

N

Peroxide Promoted Cross-linking of B-Staged Resin

A sample of the above resin (10 g) was mixed with Di-Cup
R (dicumyl phosphate; available from Hercules Incorporated,
Wilmington, Delaware) (0.10 g). The resulting mixture was
heated in a vacuum oven for one hour at 50°C to give a clear
73 viscous resin. The resin waé heated in a nitrogen sparged
oven at 150°C for two hours and 275°C for two hours to give a
slightly yellow flexible elastomer.



i nl et was charged with hexane (500 g), dicylclopentadi ene (245. 20 g),
and PS-1 (250.00 g). Catalyst concentrate (3 X 0.26 g) was added to the
stirred solution every 2.5 hours. The reaction mxture was stirred for
15 hours (anbient tem perature) after the final catalyst addition.
Tet r amet hyl - ethyl ene diamne (0.13 @)7was added to 250 g of -the -
reaction m xture. The resulting solution was stirred-fof one hou

anbi ent tenperature. The hexane was renoved under reduce ﬁg
50[err]C. A sanple of the resulting viscous |iquid m

ni trogen sparged oven at 150C for 2 hours and 250[e

give a slightly turbid, hard, glasdwg solid.

Exanpl e 22 Per oxi de Pronoted Cross- |'i nki ng of B-Staged Resin

A sanpl e of the above resin (10 g) was mxed with D -Cup R (di cunyl
phosphat e; avail abl e from Hercul es | ncorporated, W | m ngton, Del aware)
(0.10 g). The rdsul t _ngrasstiiakedsor ﬁeasedlinkabbec@nﬁaovbnd:@r one hour
at 50[err1§1&8xgh&egelgh%§r Eh?&%%eﬁ:‘i%leﬁ J%aesmwe&;% b0 a

ni trogen sparge ve err two_hours and 2 err| C for two
hours to gswéomnesnsgm Ljnear| Ewlﬂ(ex%p@hléqia%%mane) havmg at

-17- least 30% of its Si-HCh2bUPs reactedlwith R{yQ@8Schipked or
cross-|inkabl e_organohydro- sil oxane polymer, characterized in that the

or ganohydr 5eséfpgRaferived ﬁFﬂ@aP°b8F¥?%%§aﬂﬁ%¥ﬁ9%§rIoxane) havi ng at | east
30% of its Si-H groups reacted with hydrocarbon residues derived from

pol ycyclic polysnes.

or ﬁmo hours to

An organohydrosiloxane polymer as claimed in claim
1, further characterized in that the cross-linking units are
residues derived from cyclopentadiene oligomers, methyl dicy-
clopentadiene, norbornadiene, norbornadiene dimer, dimethano-

.« hexahydronaphthalene, or their substituted derivatives.

3. An organohydrosiloxane polymer as claimed in claim
1 or 2, further characterized in that the poly(organchydro-
siloxane) is a trimethylsiloxy-terminated poly(methylhydro-

siloxane).

Lo 4, An organohydrosiloxane polymer as claimed in claim
1 or 2, further characterized in that the poly{organohydro-

siloxane) has the general formula:

R

l
{R)3-8i-0 ?i-o si-(R)3

wherein R is a substituted or unsubstituted, saturated alkyl
radical or a substituted or unsubstituted phenyl radical, and

%: about 5% to about:50% of the R's are hydrogen and m is an

integer from about 5 to 40.

5. An 6rganohydrosiloxane polymer as claimed in any of -



2. An organohydrosiloxane polyner as clainmed in claim1, further
characterized in that the cross-linking units are residues derived from

cycl opent adi ene ol i goners, nethyl dicy- clopentadie
nor bor nadi ene di nmer, di met hano- hexahydr onapht hal enaiuﬂlﬂ ﬁﬁ“‘ﬁﬁgﬁ@‘ tuted

derivati ves. , 3. An organohydros+igxane poly I"ammesl in claim
1 or 2, further characterized in that the pol y(organohydro- siloxane) is a
trimethyl siloxy-term nated pol y(nethyl hydro- sil oxane). 4, An

OLganoPydr€§§|?Xé&ﬁeﬁ@hﬁﬁﬁla&ﬁscl&untﬁernchhaaat&r&zed ihuthaerit is a
characterized iIn that po nohydro- siloxane) has the general
formula: ©TOss linRed, €nB? m%% pol &fein Ris a substituted or
unsubstituted, saturated al kyl rad|cal or a substituted or unsubstituted

phenyl radical, cand ?Rgg%8§§%h9d@§9§ioggﬁ%0%oiyﬁeF'§saEQah¥9509§nc§ng”"S

an integer fromabou anohydr osi | oxane mer as
¢l ai med |n1anfumther characterizede ipr &b8&dithg Ep&yﬁgclpgrpﬁéyene has

CharaCt%r'éﬁQm%Ba gtpakthﬁgﬁl hSBQ%SathK@dbohbsrEH&GEhEOk&aﬁitant

6. An ‘or gano oxane ner as clainmed in claim
product is a cross-llnkable polymer,

7. An organohydrosiloxane polymer as claimed in claim

6, further characterized in that it is a liquid.

8. An organchydrosiloxane polymer as claimed in any of
the preceeding claims, further characterized in that the
poly({organohydrosiloxane) has 30 to 60% of its==Si-H groups

reacted.

9. A method of preparing a cross-linked or cross-
linkable poly{organohydrosiloxane} which comprises reacting a
“~  polyl{organchydrosiloxane) with a polycyclic polyene at an
elevated temperature in the presence of a hydrosilation

catalyst or a radical generator.

10. A method as claimed in claim 9, further character-

ized in that the catalyst is a platinum-containing hydrosila-

<3

tion catalyst.

11. A method as claimed in claim 10, further character-
ized in that the catalyst is chloroplatinic acid.

12. A method as claimed in claim 9, further character-
ized in that the radical generator is an azo or peroxide

% compound.

13. A method as claimed in claim 9, further character-

ized in that the polycyclic polyene is a cyclopentadiene



1, further characterized in that the polycyclic polyene. has chem cal I y
di stingui shabl e doubl e bonds and the resultant product is a =7

cross-1inkabl e pol yner. 7. An organohydr03|l -
clainmed in claim 6, further characterized in that it # ﬂ HE M"L
q

8. An or ganohydr.osi | oxane pol ymer as cl@rFmed in any of*
clains, further characterized in that the poly(organohydr03|onane) has
30 to 60%of its [err]Si-H groups react ed. . A et hod of

preparing @kiaeren i methyy dqestopentaddemer ﬁ’@lrﬁ%ﬂj&i@fmr ForberRTe)
whi ch conpry$£snd eBhdNY @ me 110 NEHE LRRRIDSHASH draxadi, W i Sudicidlde

pol yene at an el evated tenperature in the presence of a hydrosi | ation
cat al yst orderivahive or . 10. A nethod as claimed in claim,
9, further character- ized in that the catalyst is a platinumcont ai ni ng

hydrosila- tion catal od a d_in.clai
further charact e]r‘f‘ FX thed tarFatCJtarfé“eccﬁt fgta-’i“b%dhl & ihaF rP|
12. A met hodkeaap ol aived dHe odcemymca:gafnuﬁya&rommeieer is urzimétmyltshabmwe
radi cal generator IS I roxi de .co nd 13. A nethod as
claimed in SS9 3??‘%@“‘ 5@;&% osily r%b& n that the polycyclic :
pol yene is a cycl opent adi ene

15. A method as claimed in any of claims 10 to 14,

further characterized in that the poly(organohydrosiloxane)

has the general formula:

t R
|
(R)3=-Si-0- -?i-O— -Si-(R)3

'R n

s wherein R is a substituted or unsubstituted, saturated alkyl
radical or a substituted or unsubstituted phenyl radical, and
about 5% to about 50% of the R's are hydrogen and m is an
integer from about 5 to 40ﬂ

16. A method as claimed in claim 15, further character-
ized in that a platinum-containing catalyst and the polycyclic
- polyene are combined to form a complex, the complex and the
poly{organchydrosiloxane) are reacted to incorporate the poly-
cyclic polyene in the cross-linked or cross-linkable product.

17. A method as claimed in claim 15 or 16, further char-
v . acterized in that the reaction is carried out to the extent
that 30 to 60% of the =Si-H groups are reacted.

18. A method as claimed in claim 17, further char-
acterized in that the cross-linkable polymer having 30 to 60%
of the =Si-H reacted is further reacted to form a cross-

linked, thermoset polymer.



ol i gonmer, nethyl dicycl opentadi ene, norbornadi ene, norborn- adiene diner,
di met hanohexahydr onapht hal ene, or a substituted derivative thereof.

14. A nmethod as clainmed in claim9, further character- ized in that the
pol y(organohydr osi | oxane) is trinmethylsiloxy- term nated

(pol ynet hyl hydr osi | oxane) . 15. A nethod as clained in any of clains
10 to 14, further characterized in that2the pol y(or ganohydr osi | oxane) has
t he general formula: [err] wherein Ris a substituted

or unsubstituted, saturated alkyl radical or a substituted or unsubstituted-
phenyl radical, and about 5% to about 50% of the Rs are hydrogen and mis
an integer fromabout 5 to 40. 16. A nethod as clained in claiml5,
further character- ized in that a platinumcontaining catalyst and the

pol ycyclic pol yene are conbined to forma conplex, the conplex and the

pol y(organohydrosi | oxane) are reacted to incorporate the poly- cyclic
polyene in the cross-linked or cross-linkable product. 17. A nethod
as clainmed in claim15 or 16, further char- acterized in that the reaction
is carried out to the extent that 30 to 60% of the [err]Si-H groups are

react ed. 18. A nethod as clainmed in claim17, further char-
acterized in that the cross-Ilinkable polyner having 30 to 60% of the
[err]Si-H reacted is further reacted to forma cross- |inked, thernoset
pol yner.

Cross-linked Organosiloxane Polymers

Abstract of Disclosure

Disclosed are novel, cross-linked or cross-linkable
-linear poly{organohydrosiloxanes) wherein the cross-linking
units are derived from polycyclic polyenes. These polymers
or prepolymers are prepared by reacting or partially reacting
the poly{organohydrosiloxanes) with the polycyclic polyene in
the presence of a catalyst.



