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ALKOXY GROUP-CONTAINING SILICONES WITH REACTIVE FUNCTIONAL
CGROUPS OF DREEFINED REACTIVETY

BACKGROUND OF THE INVENTION

1. Field of the {nvention

The presest invention pertains to reactive organopolysitoxanes {silicones) bearing alkoxy
gronips, and reactive functional groups which dominate the overall reactivity of the reactive
silicone,  The reactive sthicones are prepared through hydrolytic condensation of hydrolyzable
precursors.  The invention fwther pertains to curable compositions conlamming the reactive

organcpolysiioxanss, and to thelr use, parlicutarly in coatings dand encapsulants.

2. Description of the Related Axt

Silicones having reaclive organic functional groups such as hydroxyalkyd, aminealiyd,
isocyanstoalkyt and the like are known, Such resetive silicones may be prepared, for example,
by hydrosilylating an ethylenically unsaturated compound sizso bearing a desired reactive group,
tor example allylamine or isocvanatoethylmethacrylaie with a sitlane or polysiloxane bearing
silicon-bonded hydrogen (SS1-H} A desirable characteristic of these reative silicones is that
they react exclusively through the reactive organic functionality to form macromolecules having
the desired properties. However, a disadvanlage is that more oxpensive Ri-H functional
organosiicon compounds must be used to prepare tiiem, and that ethylenically visaturated
compounds bearing the desired reactive group may not be available, may not have the desired

stabglity, or are available at oniy velatively bigh cost,

A further disadvantage is that hydrosilylation generally employs a noble mwetal
nydrosibylation catalyst, generally a platinumi-based catalyst, which adds {o the expense. I the
hydrostlylation reaction is not complete, unrcacted sthylenically unsaturated reactants must be
removed, eg by subiccting the product mixfure to stripping or vacim, which is not always
effective unless the temperature 18 raised.  For some reactive groups, however, raising the

1
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temperatiure 18 contraindicated, ss the reactive functional groups may react or condense,
Furthermore, if the final product confains unreacted Si-H proups, these may give rise to storage
problems, especially if water s present. Reaction with water can liborasde explosive hydrogen

248,

In U.S. Patent 5,814,703, highly branchead silicones baving aminoalkyl, epoxyaikyl, or
glaylenically unsaturated groups are prepared, not by hydrosilylation, but by hydrolviic
congensation of 8 fpuctional dialkoxysdane of friadkoxysilane with o pon-functional
gialkoxysilane or {rialkoxystlane, optionally together with fetra~alkoxysiianes, These highly
branched reactive sitlicones contain punimally 18 mol percent of “T-units,” REiChys, which form
branching sies. Moreover, they contain a timited ammuiyt of non-functional hydrocarbon groups
refative (o the nomber of silicon atoms. Duc fo these requirements and preparation method, the
desired reachive functional group 1s gccompanied by a large quantity of non-hydrolyzed alkoxy
groups. These reaclive silicones may be used to form hard coatings when admixed with a non-

functional polvmer rosin, or preferably, a reactive, crosslinkable polymer resin,

I has been found, however, that mactive silicones such as those disclosed in U.,S.
5,814,703, have nunmercus drawbacks, PFusi, the relatively high proportion of alkexy groups
allows the suicone, once the organie reactive groups have reacted, lo further crosshink in the
presence of moisturg, which 1s unavoidable in coatings ang articles mtenged for normal use.
‘Fhus, the choenucal bonds [ormed are ondy partiaily the result of reaction of the wtended orgame
funclional groups, “Designed reaclivity” under such condifions is impossibie o achieve.
Moreover, under conditions of high humidity, the alkexy groups may react even prior to reaction
of the arganic functiopal groups, decreasing mobily of the growing polymer chags (o the extent
that a proportion of the functional groups mey remain wireacted. Furthermore, the products,
particularly when used in sections thicker than thin filnss, show evidence of cracking, shrinkage,
and voids (rom ootgassing of condensation reaction alcohol} which niay occnr ¢ven as carly as
during initial cure. Such composifions are completely unsuitable as encapsulants for electronic
devices, for example. Finally, these reactive silicones display poor compatibility with many
pelymers, as a vesulf of which a homogeneous coating composition is difficult oreven impossible
to obtain, or which may be subject to phase-out into silicone-rich and silicone-poor regions in

the cured product.
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it would be desitable 1o provide reactive siboone polymers by a method which avoids
hydrosilyiation and ils disadvantages, yot provides a greafor degree of defined reactivity, T
would be farther desirable to provide reactive silicone resing which are flexible and exhibit Hitle

fendency to crack or dovelop voids during cure or therealier, and which exlubit greater

e 4

compaibility with organic poiviners.

SUMMARY OQF THE INVENTION

It has now been swuprisingly and wnexpectedly discovered that if the number of non-

16 reactive stheon-bonded organic groups in a reactive silicone is increased beyond a ratio of 1 per
sihicon atom, and the residaal alkoxy group contend is kept below 10 weight percent, that a greater
degree of delimmed reactrvity, lesser fendency to crack during or after cwe, and grester
compatibiity with organte polymers can be stmaltaneously obfained. This 18 achieved by
synttiests of {be reactive silicone by carelul selection of the hydrolyzable precursor reacfants

15 such that the ratio of non~functional groups 1o silicon in the reactive silicone polvmer is greater
than 1:1, and lhe alkoxy conteut is less than 10 weight perceni, while having a reactive
fonctionalify greater than 2 on average per nwlecuie, this functionality selected from among

epoxy, aming, carboxylic agid, and (meth)acrylic funclionalities.

24 DETARRD DESCRIVTION OF THE PREFERRED EMBODIMENT(S)

The first embodiment of the present hivention is a reactive organopolysiloxane prepared
by hydrolytic condensation, comprising on average
&) al least two reactive functional groups per molecule, selected from the group
25 coonsisting of epoxy, anuno, carboxy, and {meth)acrylaie groups, and mixlures thereof, the
functional groups bonded (o silicon aloms in the reaclive otganopolysiloxanes, and
1) alkoxy groups, in & concentration of less than H weight percent based on the {otal
weight of {ie reactive organopolysiloxanes calouiated on the basis of methoxy groups, and
C) non-reactive optionally substithited hydrocarbon groups Si-C bonded to silicon
30 atoms of the reactive organopolysiloxane, the non~reactive oplionally substituted hydvocarhon
groups presef m & ralie of >1 hydrocarbon growp per atom of Sioin the reaclive

organopolysiloxane, ang
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wherein the af least lwo reactive functional groups are introduced into the
reactive organopelysioxane by one of the following two condensation
PrOCESEEs 1) OF 14)
1) condensing
5 a piurality of alkoxysilanes oy their pariial hydrolvsaies,
with al Jeast one organic compound comprising a hydroxyl group and a reactive
functional group consisting of epoxy, anuno, carboxy, and {meth)acrylate groups, and
mixtures thereof,
and with at least one second aikoxysilane or second partial hydrolysate bearing |, 2, 01 3
10 non-reactive, optionsally substibuted hydrocarbon groups, op
i) condensing
a stlanol-stopped or atkoxysityl-stopped erganopolysioxane or their partial aydrolysates,
with at least one organic compound comprising a hydroxyl group and & reaclive
functional group consisting of epoxy, amino, carboxy, and (meih)acryiate groups, and
i5 miixtures thereof,
and optionally with an alkoxysilane bearing 1, 2, or 3 non-reaclive, eplionally substitated

nydrocarbon groups.

Preferably the at least two reactive functional groups per molecule are selecied from the
20 group consisting of amino, carboxy, and (meth)acrylate groups, more preferably from acrylate
and methacrylate groups, Preferably, the reactive functional groups are the same or of the same

type of Tunchional groups.

The second embodiment of the prosent inventon 1§ a curable composition, comprising
25 A) ai icast one of the above mentioned reactive organopolysiloxancs,
and & catalysi effcelive to cause polymerization of the vespective reactive

functiongl groups,

QF
B} at least ane of the above menlioned reactive organopolysiloxanes,
38 and al least one curing agent bearing complementary reactive functional

groups reactive wuh lhe reactive lunctional groups of the above
mentioned reastive organopolysiloxanes,
4
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and optionally a catabyst eifegitve to calalyze the reaction of the reactive
functional groups with the complemeniary reaciive fanctional groups; or
) al least & fivst of the above mentioned reactive organopolysiloxanes,

and al {east a scoond al least one of the above mentioned reactive
organopolysitoxanes bearing complementanly reactive functional groups
reacitve with the reaclive funchonal groups of the first reactive
arganopolysiloxane,

and oplionally a catalyst effective to calalyze the reaction of the reactive
ftunctional groups ot the fivsl reactive organopolysiloxancs with the

second reactive arganopolysiloxane.

In & preferred embodiment the curable composifion cémprisin g al feast one reactive
reanopolivsiioxane with scrvlale and/of methacryiate groups and
) further comprising = free radical wthialor elfective to polymerize the
{methacryigte groups,
or
i) further conprising an Si-H functional crosslinker and an effective amount

of 8 hydrosiiylation catalyst,

The third emboediment of the present invention is the process for the preparation of the

above mentioned reactive organopolysiloxans conprising o average

a) at least two reactive functional groups per moleculs, selected froms the
group consisting of epoxy, amino, carboxy, and {meth)acrylate groups, and mixtures thereof, the
funciional groups bonded {o silicon atoms in the reactive organopolysiloxanes, and

1} atkoxy groups, 13 concenfration ol fess than 10 welght porcent based on
the {otal welght of the reactive organopolystoxanss calculatled on the basis ol msthoxy groups,
and

G} non-reactive oplionally substituted hydrocarbon groups Si-C bonded to
stheon atoms of the reactive organopolysiloxane, the not-reactive optionally substituted
hydrocarbon groups present in a watio of =1 hydrocarbon group per atom of Si in the reactive
organopolysitoxans, and

wherein the at least two reactive functionad groups are introduced into the

3
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reactive organopolysiloxane by one of the following two condensation
PrOCESSEs 1} OF i)
1) condensmg
a plurality of alkoxysiianes or their parlial hydiolysates,
witht at least one organic compound comprising a hydroxyl group and a
reactive functional group consisting of epoxy, amino, carboxy, sand
(rncthlacrylate groups, and mixtures thergof,
and with al least ope second alkoxysHane or second partial hydrolysatle
bearing 1, 2, o1 3 non-reactive, optionally substituted hydrocarbon growups,
OF
1) condensimg
a silanol-stopped or alkoxysilyl-stopped organopolysiloxane or their
partial hydrolysates,
with al leasl one orgavic compound comprising a hydroxyl group and a
reactive functional group consisting of epoxy, amino, carboxy, and
{methjacrylats groups, and mixtures thereod,
and opfionally with an alkoxysilane bearing 1, 2, or 3 non-reactive,

optionaltly substituied hydrocarbon groups.

The reactive silicones of the presont fpvention are prepared by the cohydrolylie
condensation ol hyvdroxy bearing reagenis bearing reactive epoxy, anuno, carboxylic acid, orv
(meth)acrylic groups with silanol or atkoxy functiopal polysiloxanes and silanes bearing non-
functional groups. The usage of hydroxy ferminafed roagents faciiiiades g low alkoxy condent,
less than 10 weaght percent caloulaled as methoxy groups based on the tolalb weight of the reactive
siiicone, preferably less than @ weight percent, and preferably also i the range of 1 to 8 weight
pereent, more preferably 2 to 8 weight pereent, and also 2 o 7 weight percent, and more than |
son-functional group per silicon atom, on average, 10 the reactive silicone, more preferably on
average 1.1 to 1.5 non-functional groups per silicon atom. If other than methoxy groups are
present, the appropriate weight percent are calcuiafed as if the slkoxy groups pressnt wete

methoxy groups.
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Another advantage of the usg of hydroxy bearing reagents 18 that it allows the direct
condensation of the funciional group confatining reagent to the stloxane, Prior art using alkoxy
stlanes and alkoxy sitoxanes requires an infermediale hydrolysis step of some of these allkoxy

proups {or the condensation reaction to procecd,  This lupdrolysis step can be unpredictable and

o

lead fo the undesirable seif~condensation of some of the reaction components.

Most preferably, the reaclive functional groups are supplied by hydrolytic condensation
of a hydroxy bearing reagents beating the deswred functional group, for example 2-hydroxyethyl
acrylate, 2-hydroxypropyl acrylate, 4-hydroxybutyl acrviate, when, for example an acrvlate

10 group is the desired funclionality. Hydroxy bearing epoxy, aminoe, carboxylic acid, methacrylais,
cthtvlacrylate, and other alkylacrviale reagentls may be used in analogous Tashion to prepare the
respective functional silicones, Alseo, preferably, an alkoxystiane or alkoxypolysiloxane bearing
won-functional groups, most preferably an alkoxypolysiloxane, oplionally fogether with an

alkoxysilaneg, s used o provide the non~funciional groups.

By "non-functional” group 1s meant an organic group R with little or no reactivity ander
expocted preparation conditions, and subsequently under curing condittons,  Swuch groups
include, but ave not limited to, Si-C boaded, oplionally substituted hvdrocarbon groups,
examples of whieh are allkyl groups, alkenyl groups {when the veactive group is other than s

20 {methdacrylic group), aryi groups, aralkyl proups, and alkaryl groups, where the atkyl groups
may be linear or branched or cychic. “Non-functional” groups do not include Si-C bonded

alkoxy groups, Si-N bonded nifrogen-containing groups, and siticon-bonded halogen.

Suilable R groups are, for example, linear alkyl groups such as methyl, ethyl, propyl,

25 butyl, pentyl, hexyl, ectyl, decyl, dodecyl, veladeeyl, efe,, branched atkyl groups such as 2-butyl,
and ethylhexyl; cyeloalkyl groups such as cyclopentyl, cvelohexyl, methyleyelohexyl, snd
cyclohexylmethyl; alkenvl groups such as vinyl, ro-hexene, and allyl, preferably vinyly aryl
groups such as phenyl and napthyl; alkaryl groups such as {olyl and xylyl; and arvialkyl groups

stich as benzyl, and the a- and §- phenylothyt groops. This list is non-limiting,

Examples of subsittuted non-reaciive groups are halo-substituied hydrocarbon groups
sach as {luonipated and chiorinated hydrocarbom groups, for example, perflaoropropyl,
7
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chlorspropyl, chlorosthyl, o, m-, and p-~chloropbenyl, and the Iike, and hydrocarbon groaps
subsiityted with cyano groups, bhydroxyl groups or alkoxy groups (incleding pelvoxyalkylence

RIS ),

The reactive stlicones of the present mvention contain M units; D units, optionally T

units, and optionalty Q untis, detmed as follows:
RGRMOR 18101 (VD)
where a, b, ang ¢ are each O {0 3 and the sum of atbte 1 3;
RYRe{OR* 1810272 (D
where a, b, and ¢ are each o 2 and the sum of atbte s 22
RLR{OR* 18102 {T)
where a, b, and ¢ are 0 or | and the sum of a+bte is 1) and
S04 ((H.

In these formulae, R is a non~resctive group as previously defined, R' is a reactive
funciional group which confainls an cpoxy group, amine group, carboxylic acid group, or
{meth}acrylate group in each case Si-O bonded to silicon; and OR® is an Si-0 bonded alkoxy
group, R* being the same as R.

The reactive silicones may thus be described ag

Mm{}ﬁT{}Qp

where M, D, T, and (Q are defined as above, where M is such that all chain onds are lerniinated
with M groups, nis 1 fo 10,008 preferably 2 to H)O0, and more preferably 2 1o 160, 0 18 0 {o
&
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10, preferably 1 to 20, and mosi preforably 2 to 15; and p 15 0 to 10, preferably 0 (o §, and more
mreferabiy § to 3, Most preferably, the sitlicones contain no  units, or 0-1113; those present as an
unavoldable consequence of the hydroiyiic condensalion, On average, each molecuie contains
at least two reactive fanctional groups R, and the proportion of alkoxy groups, calculated on the
basis of methoxy groups, is less than 10 weight percent. By {meth)acrylic group is meant an

acryviate or methacrviate hound to the organopolysiloxane.

The reactive organopoiysioxanes are gencrally Hauids, for example with a viscosity of
50 cps 1o 10° ¢ps, more preferably 100 cps to 10° ops, and may be described as lightly to
moderately branched organopolysiloxanes, but can be described as silicone resing, which are
highly branched, nebwork bike polymers dominated by T and Q groups, and which ave geneally

solids,

o

by

The reactive organopolysiioxanes of the prosent invention are prepared by condensation
of hydroxy bearing reagents confaining the desired funciional group, with allioxy-Bunctional
reactanis, optionally also with Si-OH functional polymers, Any sudable method of preparation
raay be used, but two methods are preferably used. In the first of these methods, which may be
termed an ab faiio synthesis, the principle reactants are silangs, optionally also using alkoxy-
rich partial hydrolysates of these silanss, along with a hydroxyl bearing reagent bearing the
desived epoxy, anhiydride, amine, carboxylic acid, or {alkyljacryiate group. Each silane containg
at feagt one condensable group, preferably a lower alkyl alkoxy group, more preferably methoxy,

cthoxy, or hutoxy groups, or mixiires of these.

Hereafter, the synthesis witl be illustrated for acrylale and melhacrylate group-conlaining
reaciive organosiloxanes, employing acrylate and methacrylate group-contgining reactans, fe.
{hose conlaining Agoe gioups, and awre particularly A'goe-B-groups as hercalter delingd.
However the synthetic methods are cqually applicable for epoxy group-confaining reactive
organopolysiloxanes whare A and Alwow-B- are replaced by I and E'-B respectively, aminoe
group-containing reactive organopolysiloxanes where Aqms and Alpue-B- are replaced by A and
A'-B-, carboxy group-~coniaining reactive arganopoiysiloxanes where A and AlgmeBe are
repiaced by Ac and Ac’-B, respectively. It is noted that unless extremie cane is {aken with respect
to reaction conditions, parficularly pil, i is geperally immpossible o prepare reactive

9
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organopolysiloxanes contmning nore an one fvpe of reactive lnctionaldy scelecled from

SpOXY, aming, and carboxylic, simce these groups are generally infer-reactive.

Exampies of bydroxyl bearing actylaies as listed previoushy 2-hvdrogyetuyt acrylate, 2~

hydroxypropyl acrylate, 4-hydroxybutyl acrylate, ete.

Suitable hyidvoxy bearing alkylacryiates melude 2-bydroxyethyl methaorylaie, 2-
hydroxypropyt  methacrylate,  4-hydroxyvbutyl  mothaorylate, and  corresponding

hydroxyalkylated ethyl, propyl, aud butyl acrylates.

Suitable hydroxyl beanng epoxies include glveidol.

Suitabic hydroxyl terminated anuno reagends clude 3-amino-1-propancl, 4-amino-1-

butanol, S-amino~i-pegtanel, 6-atnto-i-hexanol, ele.

Suitable hydroxyl bearing carboxyie acids inchude, oy example, 3-hydioxypropanoic
acid, 2-hydroxybutaneie acld, 6-hydroxyhexanoic acld, -hydroxyoctanoic acid, 9-

hydrox ynonanoic acid, 10-hydroxydecanoic acid, 1 l-hvdroxyundecanoic acid, and ofhers,

In addition to the fonctional silapes beaving I, A, Ac or Agmy groups, non-functional
stlanes are #lso used, These are preferably conventional mono-, di-, tri-, and felra-atkoxysilanes

having the lormula

ReSHOR 0

where R and R® are as previously defined, and ¢ is 0, 1, 2, or 3. Examples inchude
alkyitrimethoxysiianes, diallcyidimethoxvsilanes, and trialkyinicthoxysilanes, and ther ethoxy
analogs; phenvitvimethoxysilane, phenvimethyldimethoxysilane, diphenyldimethoxysilane,
diphenhnethyvhnethoxystlane, phenyldimethylmethoxystlane and their sthoxy analogs, snd the
like. Foy incressed compatibility with relatively non-polar substances, for example in coatings
containing relatively non-pelar reactive or non-reactive polymers, the allcyl groups m the

alkyialkoxysilanes may be long chain alkyl groups or cycloalkyl groups such as Ce-Uzp alkyld
10
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proups, preferably Csas alkyl groups, and Csap oycloalkyl groups such as coyclohexyl,
meinyioyelohexyl, cyclohexylmathyl, nocbomyl, and the hke, Aryl groups such as napthyl,
anthryl, efe. may be present, as well as aryl group-containing compounds such as biphenyl, 4-

{phenyimethvliphenyl, and the like.

The irialkoxysilanes and felraalkoxysilanes such as ietracthoxysilanes and
tetramethoxysilane may be used to impart branching, As indicated previousty, highly branched
struetiwes arve not preferred, as these ave generally of nigh viscosity or are solids, and as the large
pumber of stoxane bonds may make 1t impossibie 0 achieve & ratio of pon-funchonal groups o
sthicon of more than 11, However, sotme of the multi-alkoxy fimctional compounds may remam

in part gncondensed, for example at the polymer termint or along fhe polymer chain as alkoxy

EIORPS.

To morease the ratio of non~funcitional R groups to sthicon, the molar amounis of
trialkoxy and ietialxoxysilanes ave reduced, and the amounts of diatkoxvsilabes and
monoalkoxysilanes are cotrespondingly mcereased. The silane mmxbure is condensed, inons ora
phurality of sieps, by addilion of water, generally with the aid of an acidic or basic condensation
catalyst such as an alkali metal hydroxide. Methods and condifions of condensation of sianes
are well known in the art, Libersted alcchol (s removed, for example as an overhead, and the
aniount of waler collected, e.g. i1 a cooled condenser, may be used to assess the progress of
condensation. Adding greator amounts of water will resuit in a greater degree of condensaiion,
higher molecular weight, and a reduction {n residual alkoxy group conlent, and the yoverse is

also trae.

When plural steps ave used 1 the synthests, one or more of the silanes may be pattially
hydrolyzed to produce an alkoxy-rich Intermediate product, which can then be further reacted
(hydrolyzed) by isclf or with addition of the same or other silanes. Such mullistep addition can
be used fo tailor the polymer struchire, and to some degree, the location of the reactive Rictional

proups in the final polymer structure,

i {he second preparation method, which s preferred, a1 preformed, alkoxy-functiona

In {] { proparal thod, which i preferred, a pret ], alkoxy-functional

organopolysitoxane 15 employed, Thig preforimed organopolystoxane may be, for example, 8
11
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partial hydrolysate of one or more starting silanes. The vemaining hydroxy bearing reagent,
stanes, waler, and catalyst, when required, are added, and furthor condensation {akes place onio
the preformed organopolyvsiloxanes. This method has the advantage of employing readily
available, partially condensed organopolysiloxanes having a defined structute, thus being able
S to more accuately synthesize desired product stroetures. This method is used in the Exampies,
Rather than an aixoxy-functional polymer, an ¢,o-s1lanoi stopped organopolystioxanes may be

used, either directly, or afier reaction with an alkoxysilane to produce alkoxysilvl end groups.

The reaciive orpanopolysiloxanes have munerous ases, {or example n coatings, as
10 molded resins, unpregnanis, hydrophobing composilions, sncapsulants, efe. In these uses, the
reactive organopolysiloxanes are generally used with a hardener, or corative, or with a ouring

catalyst,

A “havdenst™ or “curafive” or “ouring agent” as used hersin is a compound, which may

15 be of low molecelar welght, or Mimonomeric,” or oligomeric or polymeric, which provides
complementary reaclive groups with which the reaclive groups of the reactive silicone reacl.

The havdener and reactive organopolysiloxanes may each be of low functionality such that
predontinately inear cham extension lakes place, producing a generally flexible product, or one

or both of the hardener or reactive silicone may be of higher functionalify such that extensive

20 crosslinking fakes place, producing a barder and generally less fexible product.

When the reactive funclional group of the reactive organopolysiloxances is the cpoxy
group, stitable complementary reactive groups of the hardener are, Tor example, hvdroxyatkyl
groups, Bocyanate groups, anhyvdride props, carhoxylic acid groups, prumary and secondmy

28 amino groups, phenol/formatdshyde condensates, melamine/lommaldehvde condensates, and
simiiar eondensates, and the hke. Such compiementary reactive groups are well known in the
art of epoxy resing. The hardenar may be a “monomeric” organic compound of iow molecilar
weighl such as bisphenol A, clbhylene glyeol, methylencdianiline ("MDA™), efe., or may be
cligomeric or polymeric, such as polyethylencimines or addilion polymers containing residues

30 of scrylic acid, methacrylic acid, maleic anhydride, or the like, See, e g EPOXY RERINS!
CHEMISTRY AND TECHNCOLOGY, Clayion May, Ed., Marcel Dekler, © 1988, and HANDROGK OF
EPOXY RESING, Henry Lee, ot al., MeGraw-Hill, © 1967,

12
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For amiuno reactive growps, complementary reacltive groups includg epoxy groups,
isooyanate groups, oyanate groups, antyaride groups, efe., and may be of low or high molecalar

weight, monomeric, oligomeric, or polymerig,

For each of thoese gsystems, it is also possibie fo use a complemeniary reactive
organopolysifoxane as the hardener. For exaniple, a curable composition with very high silicone
comtent can be oreated by using an amino-Rinctional organopolystloxane with either or both of
an 1socyvanate-functional organopelysitexane and/or an epoxy-functionsl organopolysiioxanes.

Such systems may also confain other havdeners, aud ey contain a catalysi ag well

Suitable complementary groups for carboxy fimchionality nclude 1socyanate groups,
amine aroups, hydroxyl groups, and the hke, whereas for (meilacrylic groups, the
complementary groups may be (nethlacrylic groups or other ethylenically unsaturated groups,
or Si-H functional silanes and organcpolysiloxanes.  The (meth)acrylic proup-fanctional
organcpeiysiloxanes may alse be cured withoul a complementary-reactive crosshutker, {or
exampie by free radical polymertzation ysing standard Iree radical inifiators such as peroxides,
hydroperoxides, azo componnds, or photogatalysts. When 3i-H functional crossiimkers or curing
agenis are nsed, standard hydrosilylation catalysts, particuiarly platimum, iridium and rhodiam,
and their corppounds may be vsed and more parfienlarly platbmun and s compounds, for

example the Karstedt catalyst.

The term “catalyst™ as used hetein refers {o substances which [weiiitate reaction bl are
not complementary reactive, eg. the catalyst 1s not generally chemically bonded in the cured
produt, as cistingiushed by hardeners which do become a substantial par! of the product.
Epoxy-funciional, wocyanate-functional, snd Qunelblacrylate-Riotioral systems may all be
catalvacd. For epoxy systems, sutlable catalysts ave those known in the arl, and inclode aoids,
bases, and tertiary amines, as well as a variety of metal compounds, both organic and inorganic,
While amino-fonctional and aghydeide-functional organopelysiloxancs generally require a
hardener fo owe, gpoxy- and isocyanafe~-funclional organcpolysiloxancs may be cured
catalyfically withoui use of a hardener, as may also {meihjacrylate-functional

organopolysiloxanes,
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The curable compositions may alse coafain non-reactive polvimers, geoerally filn
forming polymers, and may produce homogenous cwed compositions or mferpenefrating

=l i

polymer network compasitions. By the term “non-reaciive polymers™ 1s meant polymers which
liwve no complemeniary reactive groups or such a low concentralion of such groups that a solid,
cured compeostiion cannot be obtainad withowt the use of either or bolh of a sepavate hardener 01
catalyst, Examples of such polyners ave polyvinylacetale, polyvinyl chiloride, other polyvinyl
csier polymers, polyscrylates, including polyacrylates with a very small propodiion of residual
unsaturated acrylso acid or mwethacrvhie acid groups, polyvinyl acetals, polycarbonates, pobyethar
sulfones, polyvarethanes, polywreas, polyamides, and the hike. Tt is preferred that the non-reactive

polvmers have a very minor amount of reactive groups so that despite being unable {0 cure the

composition, the polymer becomes covalently bonded withir the composition.

Along with fraditional curing methods the curable compositions of the invendion may
also be cured using high-energy radiation from a radiation source. Many types of radiation are
stitabie for this purpose, for instance electron beams (E-Beam), y-rays, X-tays, UV Lighl such
as that having wavelengths in the range from 200 to 400 nm, and visibie {rght such as that having
a wavelength of from 400 to 600 mn, Le. “halogen fight”, Uliraviolet Light can be goneraled, for
example, 1n xenon lamps, mercury low-presswee lamps, merewry medium-pressure lamps ot
mercury hgh-prossure lanips and excimer lunps, Preferably UV hight and clectron beams

ised.

I the embodiments eured using UV hght curing photepolymenzation imbiators are used.
Kuown photopolyvimerization mitiators thal may Lo used m the present imvention, mciude byl are

not imited to 2,2-dimethoxy- 1 -hydroxy - cyclohexyl ~ phenyl - ketone, - {4~ (2-hydroxyothoxy)
- phenyl] <Z-hydroxy<2-methyl-1-propan-l-ong, 2-methyl-l- [d- {(methyithio) phenyl] -2-
morphoiinopropan-1-one , Z-benzyl-Z-dimethyvlamine~-1- (4-morpholinophenyl) - bulanone-1,
bis (2,4.6-trimethylbenzovl) - phenyl phosphine oxide, 2-hydroxy-i- {4~ [4- (2-hydroxy-2-
mefhyl - propionyl) - benzyl] - phenvyl} ~2-methyl - propane, 1,2-octanedione, 1- {4- {phenylene
This) -, 2~ {O-benzovl exime}], 2Z2-hydroxy-Z-methyl-l-phenyl - propane-l-oneg,
phenylglyoxylate butyric acid methyl ester, 2,4,0-trimethyi benzoyl — diphenyl, or combinations
thereof. Also phospiiine oxide and the ltke, as long as it is able to absorb the light generated from
the light souree used {or photocuning.

k4
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The above compounds are comunercially avallable, IRGACURE ™ (51, 184, 2859, the
907, the 369, the 374 the 819, the 127, the QXEN,02, DAROQCUR ™ 1173 the MRBE, the TPQO
(mamufactared by BASFE Iapan Co,, Lid.), ESACURE ® KIP150, same TZT, same KT046, the
HGRM, the KB, the KS300, the K1.200, the TPO, the TTX, the FDB (mamifactured by Japan
Siber Hegoer Co., Lid.), and the like.

The content of the photopolymetization intfiaior in the corable composition of the present
mvention is proferabiy ftrom 0.5 to 20% by weight relative to the polymerizable compound, and

more preferabiy front 1% to 10% by weight relative to the polymerizable compouad,

The mventive composition may also be cured with high energy radigfion, such ag electron
beam radiation or cobalt 60, A varicty of procedures for E-beam curing are well-knows, The
cure depends on the speciiic equpinent used o deliver the electron beanm, and those skilied w
the art can define a dose calibration model for the equipmoent used. However, curing of the
mvesttve composition may generally be accomplished mn the range of 2 to 20 megarads, Such
radigtion curing may be done withou! initiators bul accelerators, such as trialvieyanurate

trocyampate may be added.

It is also possible {o cure {hw siloxane corppostiions of the invenfion exclusively
thermally, in which case the addiiion of free-radical-forming peroxides or azo compounds {CE)
s preferred. Hxamples of components (CF) which may be added arve, preferably, lauroyl
peroxide,  benzoyl  peroxide, 24-dichlorobenzoyl  peroxides,  azobisisobutyroniirile,
hydroperoxides such as tert-butyl hydroporoxide, cumene hydroperoxide, diisopropylbenzenc
hydroperoxide, p-menthane hydroperoxide, 2,5-dimethyl-2,5-dihydroperoxyhexane, 2.5~
dimethel-2 S-dihydroperoxy-3-hexyne, and pinene hydroperoxide; dialkyl peroxides such ag
diisobutyl petoxide, di-tert-bulyl perexide, di-tert-amyl peroxide, terb-bulyl comyl poroxide,
dictnnyl  peroxide, 2,5-dimethyl-2,5-diltert-butylperoxyihexans, '2-,,5adiifﬁa-ﬂ:t}'l.azsﬁdiétﬁﬂ'tﬂ
butylperoxy)-3~hexyne, alpha,alpba’-bis{tert-butylperoxy)-di{iso  tylperoxyibenzene, 1,1-
bis(tertbutylperoxy)-3,3, 5~ trimethylovelohexans, n-butyl 4 4-bis(tertbulylperony)valkaate, 2,2-
bis{4,4-di~teri-butylpetoxyeyclohesylpropane, 2.2-bis{fert-butylperoxyibutans, and 1, 1-difient-
butylperoxy)eyciohexane; diacyl peroxides suych as decanoyl peroxide, lauroyl prroxide,
stearoyl peroxide, succinyl peroxide, benzoyt peroxide, p-chlorgbenzoyl peoroxide, o-

15
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chiorobenzovi peroxide, d4-dichiorobenzoyl peroxide, and oclanoyi poroxide; poroxy ssiers
stich ss fert-butyl peroxyacetate, tert-bubyl peroxy-2-ethylthexanocate, tert-butyl peroxylauraie,
teri-butyl poroxyhenzoate, di~-{eri-buiyl diperoxyplithalaie, A S-dimethyl-2,5-

di{benzoyiperoxyihexane, teri-butylperoxymalele acid, feri-butylperoxyisopropyl carbonate,

)

Lo

feri-butyviperoxypivalate, and teri-buiyiperoxy neodecanoate; peroxy dicarbonates such &8s

diisopropyi peroxydicarbonate and di-2-ethylbexyl peroxydicarbonate; and ketone peroxide.

Peroxide curing is preforably carried oni gt a temperature of from -70°C to 200°C,

particularty preferably from -40°C to 154°C, and at the pressure of the surrpunding atmosphere,

10 Le, from Y0 12z fo 1100 hPa. The surrounding atnmsp‘mré cart bere be awr, ntirogen, xenon of
another protective gas, The amount of the organic peroxide added (o the myvendive composition

as a curing agent is wsually in the range from 0.1 to 5 parts by weight per 100 parts by weight of

the crganopolysiloxane,

15 Curable compositions which compuse the reactive organopolysiloxanes may take
nimerous forms, They may contain a condensation catalyxst i an amount effective topolymenize
the organopolysiloxancs through a single kind of reaciive group. Examples of such composiiions
inchide reactive organopolysiloxanes bearing isocyanate groups, epoxy groups, or (methjacrylic
Qroups.

200

The compositions may also include a reactive organopolysiloxane snd a compound
which reacts with the reactive functional groups of the reaclive organopolysiloxanes, ie
conhfains complimentary reactive groups. The compound confaiiing the complimentary reactive
groups may be a monomeric, oligomerie, or polymeric organic compound, or may de a

23 compiementary reactive organosiiang or oligomeric or polymeric organopoiysiloxane, inclading
sticone resins, The complimentary reactive organopuivstloxanes themselves may be a reaciive
organopolvsiloxane as disclosed heretn, oF may be a non-tovenlive organopolystioxans, for
exampie one confaining more than 20 weight percent alkoxy groups, or confaining no alkoxy
groups,  One example of the lafter are the commercially available aminoalkyl-functionsl
30 organopolysiloxanes where e amino alkyl groups may be erminal, peadant, ot both fermunal

and pondant.

L&
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The curable compositions may also confain nop~invenitve organopolysiioxanes bearing
the same type of reactive geoup as the inventive organopolysiloxanes, or Monomerte, olFomeric,
or polymeric organic compounds bearing the same type of reaciive functional group, One
example of such & curable systeny, for example, mught tnclude as & hiest reactive component an

5 Inventive epoxy-funchional reactive organopoivsitoxane and # bisphenol A~type epoxy resin, and
as & second component an aminoalkyl-Rinctional organopolysiloxane, & di- or polyamine, or a
mixture of {hese.  Such mixtores are made possible by the inventive reactive
organopoiysiloxanes which hava hipgh compaithility with other purely organic or substantiaily
purely organic compounds,

10

When catalysts are used, these are advantageously fornmlated as a second component.
1t is possible, Ior example, 1o provide the catalyst disselved or dispersad 10 a suilable sobvent; in
an organopoiysiioxave, mcluding non-reactive organopolysiioxanes which may serve as an
axiender or plasticizer, in a paraffinic or naphthenic nii, or the like. In some cases, when the

15 catalyst is acltivatable only st clovated temperature, o wiicn an inbhibitor 18 preses!, or magueons
compositions where reactton lakes place only after evaporation of waler or after coalescence of
the organie {inchiding orgenosilicon) phase, the catalyst may be included 1n the composition,

resuliimg in a one commponent system,

20 The curable compositions may be “neatl’” n the sense that they contain no solvent or are
nod i the form of 3 dispersion, e.g. an agquepus dispersion, or may be formmlated with 8 selvent
or dispersing liguid., Preforable solvents are those willy a low global wanmbig potential such as
terfiary buiviacetate, but conventional solvenis such as alcohols, ethers, esters, paraffinic

hydrocarbons, and avromatic solvenis such as {eluenc and xyiene may also be used, i

The reactive organopolysiloxanes may be prepared and used a8 an aquedus dlspession,
with orwithout additional ingredients. 1n such cases, dispersions may be propared Ly using bigh
shear mixcers, generally with the aid of a surfactant. For storage siable f::{).-mpa}si.i-ima.s} & surfactant
which does not bear complementarily reaclive groups and which does not function as # cafalyst

3 s preferably selected. Amonie, cationie, and zwillerionic catalysts may be used, depending upon
the natore of the reactive organopolysiloxanes, but non-ionie  surfactants such  as

polyoxvalkylated glyeols or aleohols are preferred. The curable compositions are generally two-

{7
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commponent composiions in which each component sinnifancously does not include the reactive

organopolysiloxanes and hardener or catabyst,

The curable compositions may ivclude numerous additives, including antistals,
{ragrances, biocides, dyes, pigments, fillers, UV andfor thenmal stabilizers, coalescing agents,
black, adhesion prompoiers, hydrophobing agenls such as waxes, silicone oils, and fleorine-

containmg compounds, and other additives generally used.

Wohent used as coafings, plural component compogittons, parlicalarly bwo componat
compositions are preferably emploved. One component, for sxample, may contain the reaciive
organopoiystoxane and other non-reactive components such as dyes, pigments, non-reactive
polymer, efc., dispersed m waler, aud a second compeoenent may contfain calalyst and/or ardener,
reactive ol non-reactive polymer, dyes, ptgmoents, efc. The components are mixed prior o use,
and applied fo & subsirate by any suitable methed, including brushing, spraying, dipping, roll
coating, doctor blade coating, curtain coaling, and the like, and are then allowed to dry and cure.
Cure, and oplionatly drying, advantagecosly take place at elevated temperaturs, e.g. up to 350°C,

preferably no maore than 230°C, and yet more prelerably no more than 200°C,

In some preferred composiiions, it 18 desirable to reduce or eliminate the use of epoxy-
functional nalkoxysilanes, and fo use epoxy-tanctional diatkoxysiianes. K bas been surprisingly
and prexpectedly discoversd that cured polymers prepared o inventive otganopolysiloxane
polymers synthesized 10 this way, although exbibiling reduced hardness, achieve maximum
hardness faster than when fhe funchional organopolysiioxane s prepared using trialkoxysilanes.
In addition, volatiles are reduced by aboul 33%.  Such composilions are well sutled for
cpcapsulation or the preparation of thick mwoldings. Preforred systems of this nature molude an
aminealkyl-functional organopoelysiioxane fize of alkoxy pgroups, and an  invenfive

gpoxysiloxane,

In the cxamples described below, all parls and porcenlages are, unless indicated
ofiterwise, by weight, Unless indicated otherwise, the following examples are carried out at the
pressure of the surrounding afmosphers, e, at sbout 1000 hPa, snd at room temperatore, Le. at

18
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about 207C, or at a temperature which is establisiied on combining the reactanfs at room
temperature without additicnal heating or cooling. In the foliowing, all viseositiss relate to the
dynantic viscosity at a lemperature of 20°C and & shear rate § 8. The following examples

itusfrate the ivention without having a iiting effect.

Examples
Dramples {-3;

Alkoxy-functional  orpanopolivsiloxane,  non-fomciional  silane, ad 2-

10 hydvoxyethylacrylaie are charged to a SG0 mi reaction tlask and blanketed with nirogen gas. To
begin hvdrolyiic condonsation, dedecytbenzosulfonic acid was slowly added. The contenis wers
stred without heating for 15 minuies, following which the temperatore was increased o 55°C,

The reaction mixtuce was refluxed at 35°C unid the approprnate amount of alcohol was coliected

it & cooled frap. The charges and product propertics are roperted in Fable 1,

Table 1

e b s bl b Bk B B b BB b B Bh e b B b B b B Bl b e BB BB bl BB B B B B b bbb et A e e A bbb bbb bbbk kA e bbbl ew wwm e mde b me e EEEEEEEEEEEESEESEESEESEESE#]EEEREEREEREEEEEEEEEEEEEEEREEEEEEE®REEEEEEEEEEEEEEEEEEEEERE..."----

Aikoxy functional sioxanc 283,56 236,16
{Wacker SILRES® 1C232)!
Alkoxy fooctional sifoxane | T
{W&wh{a SILRES® MSEI m})

2-hydroxyethylaerylate {11524 |
2-hydrosyethylmethacrylate 112,64
e I
Dodecylbenzosutfonic acid ] 2 jes
}E; Toluenesalfonicacid T T T

20% HC {Eq}
‘Water

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o A A A N N N N S S S S S S A A A A S S S S S A S R R R R R e o e e o e A A A A N S B B W e o R R R e e e Lt A R R A A A S A N e T

oL . AL L A . A o . A o o A o L o o L L L A o o A e e A i A A A AL UL AL e, ‘\\\\L‘-\.k\‘k\mk\t\\\\%\\\\“.k““1-“““-&k\k\‘-‘.\“““““‘-“-.-“-.‘
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Heat @ 35°C under partial vacinan uniil

appropriate  amoun! of alcohol has been

gollected
ISILRES® 10232 is a methoxy-fanctional methyl/phenyl organopolysiloxane contatning about
20 weight percent alkoxy groups, avatlable {rom Wacker Chemical Corp., Adrian, Michiga,
PSILRES® MSEL00 is a methoxy-functional methvl organopolysiloxane containing about 30

wergit percent alkoxy groups, avatlable froms Wacker Chemicat Corp,, Adrian, Michigan,

Examples 4-3

The starbing malerials and amounts, {0 percentage by weight, and the epoxy and alkoxy conternds

10 of the final products in weight percent are presented in Table 2,

26)
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Coatings were preparced from the invenlive reactive silicones froni Examples 4 and

5 accovging o Table 3 using 5 wet nul drawdows bar on vnirested aluminum panels.
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YHDDA is |,6-hexanediol diacrylate and is available fom BASF.
*DPGDA is dipropylenegiveo! discrylate and is available from BASF.
TTMPTA is trimethylolpropane triacryiate and is available from BASE.

* Speedonre 2022 is liquid formulated blend of photoinitiaiors available from Lambson.
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As can be seen from the Table 3, no appreciable post-bardeming was observed except when
film received minimal light cure ntensities,  Observed “softening™ is atfributed fo segmental
siloxane bond rotation which s conmumon with polymer matrices based on siloxane chemisiry sueh

as in seif~healing coatings.

All films were clear and glogsy, demonstrating the compatibility of these reactive siloxanes

with commonty used acrylaie niogomers.,

While crubodinents of the mvention have been ilhustratied and described, i is not ntended
160  that these emboditnenis tlustrate and desceribe all possible {forms of the avention, Rather, the
words in the specification are words of description rather than himitation, aad if is undersiood that

viarioos changes may be made without departing from the sphit and scope of the tnvention,
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WHAT IS CLAIMED IS

i. A reactive organopolysitoxane prepared by hvdrolytic condensation,
COMPriSing On average
) al Jeast two reactive fimctional groups per molecule, selected from
the group comsisting of ¢poxy, amino, carboxy, and {meithacrylate groups, and mixfures
thereof, the functiopal groups bonded to silicon aloms in the reactive organopolysiloxanes,
At
) allkkoxy groups, i g concentration of less than 10 weight porcent
based on the tofal weight of the reactive organopolysioxanes calculated on the basis of
micthoxy groups, #ind
¢ non-reactive optionally substibited hvdrocarbon groups Si-C bonded
{o silicon atoms of the reactive organopolysiioxans, the pon-reactive optionally sabstibited
hydrocarbon groups present in a rabie of >1 hydrocarbon group per atom of St in the reactive
orgasopolysiloxane, and
wherein the af least two reactive fanctional groups ave introduced info the
reactive organopolysitoxane by one of the foltowing two condensation
PIOCCSSeS 1) OF 11}
) condensing
a pluratity of alkoxysilanes or thelr pastial bydrolysates,
with al least one organic compownd comprising a hvdroxyl group
and a reactive functional group consistiing of epoxy, amino, carboxy,
and {meth}acrylate groups, and mixtures hereof,
and with at least one second alkoxysilane or second parfial
hydrolysate beaning 1, 2, or 3 non-reactive, opfionally substituted
hydrocarbon groups, of
H) condensing
a silanol-stopped or alkoxysilvi-siopped orgapopolysiloxanie or their
partial hydrolysates,
with af least one organic compound comprising a hydroxvl group
and a reactive functional group consisting of epoxy, amino, garboxy,
angd {metlyacrylate groups, and mixtures thereol,
25
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ird optionally with an alkoxysilane heaning 1, 2, or 3 non-reactive,

optionally substituted hydrocarbon proups.

2. The reactive organopolysiloxaune of claim 1, wherain the reactive

w5

functional group arve selected from the group consisting of epoxy, acryiate and inethacryiate

RYGUDS,

3. ‘The resclive organopoelysiloxanes of claum |, whereun the reactive
functional group are sclected [rom the group consisting of acryvlate agpd methacryiste

19 groups.

4, A curable composition, comprising
A) at least one reactive organopolysiloxanes of claim | to 3,

and a catalyst effective to cause polymerization of the respactive

15 reactive functional groups,
)
B} st least one reactive organopolysiioxane of clatm 1 to 3,

atd al least one Curing agenl beanmg compicmentary reactive

functional groups reactive with the reactive funchional groups of the
) reactive organopolysiloxane of claim | o 3,

and optionally & cataiyst cilvciive to calalyze the reaction of ne

reaclive  fonctional groups with the complemieniary reactive

fimectional groups; or

() al least a [rst reactive organopoiysiloxane of claim 1 {03,
23 and at least & sccond regclive organopolysiioxane of claim 1 {0 3

bearing complementarily reachive funciional groups reschive with

the reactive  functional  groups of  fhe sl reactive

organopolysiloxane,

and oplionally a catalyst clfcctive to cafalyze the yeaction of the
30 reactive functional groups of the first reactive organopoivsiloxanes

with the second reactive arganopolysiloxane,

IR
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3. The curable composttion of claim 4, comprising at least one reactive
organopoelysiloxane of ¢laim 3 and

1) further conmprising a free radical nitator effective {o polymotize the
{meth)acrylate groups,

ot

1) farther comprising an Si-H funclional crosstinker and an cffective

amount of a hydrosilylation catalvst.

5. A propess for the prepavationt of a reactive organopolvsiloxane
COMPriSIG On average
a) af least two reactive functional groups per molecule, selected from
the group consisting of epoxy, amino, carboxy, and (methlacrylate groups, and mixtures
thoreof, the functional proups bonded to silicon atoms in the reactive organopolvsiloxanes,
and
b) alkoxy groups, m a concenlralion of less than 10 weight percent
based on the total weight of the reactive organopolysiloxanes caleulated on the basis of
methoxy groups, and
¢} non-reactive optionally substituted hydrocarbon groups 81~ bended
to silicon atoms of the reactive organopolysiloxane, the non-reactive optionally substituted
hvdrocarbon groups present in a ratio of > 1 hydrocarbon group per atom of 81 in the reactive
organopolysiloxane, and
wheretn fhe at east two reaclive funclional groups save mdroduced into the
reactive organopolysiloxane by one of the {vllowing two condensation
PrOCesses 1) or i)
1) condensing
a pluralily of alkoxysilancs or their partial hydrolysates,
with al least one organic compound comprising a hydroxyl group
and a reactive functional group consisting of epoxy, amino, carboxy,

and {metbacrviate groups, and mixtures thereof,

27
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and with at least one second alkoxysiape or second partia
hydvolysate bearing 1, 2, or 3 non-reactive, optionally substituted
hydrocarbon groups, or
i1} condensing
5 a stlanol-stopped or alkoxysilvl-stopped organopolysiloxane oy their

partial hydrolysaies,
with at least one organic compound comprising a hydroxyl group
and a reactive functional group consisting of epoxy, amino, carboxy,
and (methlacyylate groups, and mixtures thereof,

10 and optionally will an alkoxysilane bearing 1, 2, or 3 pon-reactive,

optionally substituted hydrocarbon groups,

7 A coating prepareg by

~applying a curable composition of claim 4 or 5 to a subsirate in & deswed thickness,

15 <curing the curable composition,
8. The coaling of claim 7 wherein the curing s initiated via radiation
from & radiation soutce,
24} 9, The coating of ¢laim 8 wherein the radiaiion is selected from UV-

fght and electron heams,

23
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