Modi fied reaction resin The invention relates to a nodified reactive
resin, a process for preparing it and its use for producina 5 thernoset

pol ymers. Reactive resins are known in the art. They are products which,
prior to processing, are liquid or plastically dPformable and which through
a polynerization reaction 10(particularly addition polynerization,

pol ycondensati on or pol yaddi ?%h?}e@eﬁﬁﬁﬁriynmr@$n@hapej|npartlng
processing, produce thernoset polynmers. The pol ynerization reaction |eads
to a three-djnensional |y crosslinked, hard and. infusible resin whichis
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stability. t%% e _advant ageous properties to 20 general Iy high
crosslin%ingngéﬁgieml axﬂﬁ%ﬁkaof t hese properties, reactive resins are

used, for exanple, for producing fibre-reinforced plastics, for producina

i nsul ati ng ang j : ifi i n el rical engineerin and for
produci ng strucﬁfﬁ r}%(fﬁgl;gi)\%?sef %ﬂa%rﬁa eés,é%gkl_rﬁ% aarlﬁ?sﬁggdﬁﬁ °t he
like_ The hi"gh degreet®f EPoPIATHETIGI whith Léausdt o1t hel advansageous

properties reffemetlle0 aboven: Aevent-hebess i ahso-the 1 SPQaéFEoﬁ series
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and | Bttt BUgETe AT Iy YO kTt UPELY PR posaF eohay e
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reactive r eiir%%eg%i ‘3‘3“ tﬂro&iuoge pgﬂlgz%lgéaggsblo )}(f%g%% The polymeriz-
ation reaction leads to a three-dimensionally
crosslinked, hard and infusible resin which is referred

15 to as a thermoset.

Crosslinked reactive resins generally exhibit high
hardness, strength, chemical resistance and temperature
stability. They owe these advantageous properties to a
20 generally high crosslinking density. By virtue of these
properties, reactive resins are used, for example, for
producing fibre-reinforced plastics, for producing
insulating and casting compositions in electrical
engineering, and for producing structural adhesives,

25 laminates, baking varnishes and the like.

The high degree of crosslinking, which leads to the
advantageous properties referred to above, nevertheless
is also the reason for a series of disadvantages.
30 Thermosets are generally brittle and have low fracture

and impact toughness, particularly at low temperatures.

Proposals have already been made (EP-A-0 266 513) to
improve the mechanical properties of reactive resins by

35 addition of polyorganosiloxanes.

The invention is based on the object of providing a
modified reactive resin which as an uncured precursor

has good storage and processing properties and can be



The invention is based on the object of providing a nodified reactive resin
whi ch as an uncured precursor has good, storage and processing properties
and can be processed totheetshaving good. nechanical properties. The
nmodi fied reactive resin of the inventiop conprises: a) at |east one cyanate
ester; at |east one polyorganosiloxane which is present in the reactive
resin in. fimebyesbsddedd or mheRinstetof aidavdmunbeodf teedhausedli n the
context of the ioveption will be elucidated:. Cyanate esters contain an
-0-C=.--N group. Cyanate ester nonomers or prepolymers are able to
crcsslink with one another via what is termed a cyclotrinerization of three

CCM groups. ik Sndassadd | tddamsizatd on, ass a riﬁ\%ﬁ&%ﬂ%ﬁ@&?' ace in
general at an elevated 20 tenperature (typically 150 to 2
advant aggously in the presence of suitable tertiary am ne catal ysts such as

di azabi ovcl ooct ane) (DABEYstOrorde divpridnd addo-; , pyridine, for exanple. The
trimerization takes place without elimretion of volatile conpounds, and
defect-free casting conpositions can be obtai ned, As cured thernosets,
cyanat e esters have dti ghlgkass taomnsi pbogotrgapesatukesceTg wiidp t @s400C and

a | ow dielectric constant,.The, cyanaie,estel ppoorers general Ly, cgatain two
fl ON ar%]ps, and so tfhe
orm.

First of all a number of terms used in the context of

the invention will be elucidated.

15 Cyanate esters contain an -0-C=N group. Cyanate ester
monomers or prepolymers are able to crosslink with one
another wvia what is termed a cyclotrimerization of
three OCN groups. This cyclotrimerization as a curing
reaction takes place in general at an elevated

20 temperature (typically 150 to 250°C), advantageously in
the presence of suitable tertiary amine catalysts such
as diazabicyclooctane (DABCO) or 4-dimethylamino-
pyridine, for example. The trimerization takes place
without elimination of volatile compounds, and so

25 defect-free casting compositions can be obtained. 2as
cured thermosets, Ccyanate esters have high glass
transition temperatures Tg of up to 400°C and a low
dielectric constant. The cyanate ester monomers
generally contain two OCN groups, and so the

30  trimerization produces a three-dimensionally cross-

linked thermoset.

The c¢yanate esters used may, in particular, be the
cyanates of a bisphenol. Examples of bisphenol-based
35 c¢yanate esters are bisphenol A cyanate ester,
hexafluorobisphenol A cyanate ester, bisphenol E
cyanate ester (4,4-ethylidenediphenyl cyanate ester),
tetramethylbisphenol F cyanate ester, bisphenol M

Cyanate ester, bisphenol C c¢yanate ester, and the



.30 trimerization produces a three-dinensionally cross-linked thernmoset.
The cyanate esters used may, 11 particular, be the cyanates of a bisphenci.
Exanpl es of bi sphenol -based cyanate esters are bi sphenol A cyanate ester,
hexaf | uor chi sphenol A cyanat eester, bi sppenol a cyanate ester

(4, 4-ethyl i denedi chenyi cyanate ester), tetranethyl bi sphenol F cyanate

est er, bi sr hefiot L N eyandt ety Sphepiodn cvanaten®st er, eandrtshe  Other

cycl oent adi enyl bispliencl s Yaf o' - gesteLs. OLier sui tahlg cyanate esters are.

for exanpl e, novol ak cyanate esters and phénol "novo : cyé_naflé)_ gsf‘er s, For
the pol yor gafiGsi ok afe's® s et d relrseok daricel aw tdvarnmes ¢ mamion it is
possible to use any pol yorganos | oxanes which after crosslinking form

el ast oneri c fol yners. The gl assiransi tion tenperature Tg is preferably -80
to -120C° UseOIFra%%epﬂJa%%r%‘T‘n‘b%} OFYARE sHFBRanBsARAPERSAERI Yéthr 6hFsi | oxane
units of tfmﬁqﬂ&mﬂfdnfbﬂnﬂéapQQSZEIekeb useianwhbﬁmybﬁgahb@émg&gﬁégen}k
radi cals R, i e.alike or.different, are linear or branched al ky
groups havi n‘%ml&?oa(%e% a %?T%,fl%lcﬁl%aﬁﬁﬂa?%sE)?‘Bﬁﬁ%ch89' ¥§SA5t 018%r at onms,
l'inear or brafetedtakrkenylicor duppsiating: 2092 to #4r€fatrebsy phemykoor

al kyl phenyl groiqs having to 12 C atonms in the aliphatic radical, it also
bei ng possible for the. hydrocarbon radicals to be substituted Yy hal ogens
or by h§78r oxyl, carboxyl, carboxylic anhydride, am no, epoxy, alkoxy or

al kenyl oxy graipsayange angddbti opal {yrH2hYeL Neka 0L s PAiQef R gL aups and

i trogen af aTb & ST Bort ot e POIVSH1 heerchal n. 30-Exanpl o5 of
such radicals R are nethyl, ethyl,
- (R2S10) - (1)
15
in which the two monovalent radicals R, which may be
alike or different, are linear or branched alkyl groups
having 1 to 18 C atoms, cycloaliphatic groups having 4
to 8 C atoms, linear or branched alkenyl groups having
20 2 to 4 C atoms, phenyl or alkylphenyl groups having 1
to 12 C atoms in the aliphatic radical, it also being
possible for the hydrocarbon radicals to be substituted
by halogens or by hydroxyl, carboxyl, carboxylic
anhydride, amino, epoxy, alkoxy or alkenyloxy groups,
25 and are additionally polyether or polyolefin groups and
also hydrogen, the groups being joined directly or via
an oxygen or a nitrogen atom to a silicon atom of the

polysiloxane chain.

30 Examples of such radicals R are methyl, ethyl,
isopropyl, isobutyl, dodecyl and octadecyl groups,
cyclopentyl, cyclohexyl and cyclooctyl groups, vinvyl,
allyl, isopropenyl and 3-butenyl groups, ethylphenyl
and dodecyl groups, and also groups with hydrocarbon

35 radicals which are partly substituted, as for example
by halogens, such as fluorine or chlorine, as in the
case, for example, of chloropropyl or of the 1,1,1-
trifluoropropyl radical. At least some of the radicals

R may also be composed of polymeric groups, with



i sopropyl, isobutyl, dodecyl and octadecyl groups, cyclopentyl, cycl ohexyl
and cyclooc yl groups, vinyl, ally", isoprobenyl and 3-butenyl croups,

et hyl phenyl and dodecyl groups, and al so groups w th hydrocarbon radicals
which are partly substituted, as for example by hal ogens, such as fluorine
or chlorine as in the case, f or exanpl e, of chlorooropyl or of the 1,1, 1-
trlfluoroproﬁvlt@bh¢calcanﬂlﬂeass someref tHe=imagdi cabslyayhalso benconposed

of polyneric, g Wwith t ab| eca -ebei ngpol ether5|n
parflcular q%ucﬁyggla yefﬂﬁﬁg t%l%olg}‘b gﬂﬁﬁ%ﬂ. poly % %583 Ygrne
ponhexanetH%? i%%ﬁ ﬁ@ﬁaﬁﬂandiblgo poﬁytyneas of

t hese et her quc&iﬂdf@ra&ﬁidlatrﬂdonéh!sb! pel ol gfd ns, oSfUCPhééepcét 2di ene,
polylsop%en %gq%gbu ne, polyisobutene and the |1 ke. Finally, some of the

radi cal s hydr 16%10% al $9'GPossihl e PeluSEtAREBEeS of the
af orement i omﬂymmrga,nopbllgbaaeae l%ﬂiwéﬁw&ewsghal ity hskko make

use in accor th_the iny ntlon of e pol anosi | oxanes in which
di fferent %Fcajéyn gre S pPEsent® i I he? %Iénﬁ% W%: THESEIGPF f er ent
radi cal s naﬂﬁbe dﬁstrablpedEM$smbﬁestnmalIysalommxﬁmr§$loxﬁhe ARk chain.
I'n one pref erfed.,srmodiden oltﬂﬁfg%}Lc%’ %cxane rubber enployed in

I on-is

accordance with the inventi copo ymer in which nonoval ent
radical $°R and R' are di sposed al ong the sil oxane mai n chain in blocks

whi ch A further possibility is to make use in accordance with
the invention of those polyorganosiloxanes in which

different radicals R are ©present in the polymer

molecule. These different radicals may be distributed

15 statistically along the siloxane main chain. In one
preferred embodiment the polyorganosiloxane rubber

employed in accordance with the invention is a block

copolymer in which monovalent radicals R' and R" are

disposed along the siloxane main chain in blocks which

20 derive from polymer units of the general formula
- (R'2810) x- (R"3810) - (2)

where the radicals R' and R", which have the same

25 definition as R, are different from one another, while
the radicals R' and R" may among themselves be alike or
different, and x and y are both 1 or integral multiples
thereof.

30 On account of their combination of ready availability
and good activity, preferred polyorganosiloxanes are
those in which at least 50% of the radicals R, R' and
R" are methyl and/or phenyl groups.

35 A modified reactive resin of the invention is notable for
a high storage stability. The dispersion of the finely
divided polyorganosiloxane particles in the cyanate ester
is, surprisingly, stably retained even over relatively

long periods of storage. In this storable state the



20 derive from polymer units of the general formula -(P-(2."25-10), -(2)
where the radicals R and R', which have the sane 25 definition as R are
different fromone another, while the radicals R and R " may anong

thensel ves be alike or different, and-xsand y are both 1 or integral
mul tiples thereof. 30 On account of their conbination of ready availability
and good actP&ityygprefidoredepolppartganiesi | meazmaeslpafreﬁg}rla@sghl ral}M@a@Iy at -
| east SO% of igal ' et nd/ or nyl -groups.

A nodified rse%%tecia\{/rg&ragl%yf\ c@?dtgﬁ%gﬁ%vgn ?a%sﬁlllrﬁg{tln ta ?_e ?oﬁ%%%g&qi‘?or age
stability. TeL¥REIFeYsiidRxenet heviisrrds i videtsloglkhiooganesit oxanet
particles i nideyyanal @ ekehakSno8ULRLESI ROk Yo, Séﬁtﬂays rehalned .ewen over
rel ativehy I on e“ﬁgﬂf of storagg. In this storable state the

pol yor ganosi® Y: € 8sSRave prefefably al ready substantially
undergone crosslinkina to a rubber-1ike nol yorganosil axane, whereas a

crosslinking, reacti,on of, the cyanate ester. has not taken place, or has
t aken pl acegpa s boléﬁl ytod sr%ﬁSléiteentf.orPr &r aBlyPPESPE pBSLYbl e for
t he di sper stk golgsilorgare sid oxane: pard i ctast | oby eachnsbyf nmeanscaf er eacti ve

roups di speged, hel rfac 1L£h ter, 10 _when the latter
?s bPou ht to rei%gt%lo ngsréc%:lu%r?n%g\ﬂﬁ%r%%g%ggéa‘rwgél?ng%? FH%“?%eﬁﬁ oh

cont ai n§Cpr &FEatIRE 40%te08% By avelht 5o rmees et eralslyr 1509 - 98% by

wei ght, of cyanate ester. Additionally preferred is a 15bpol y_orﬁanoa | oxane
content of 2% - 60% by weight, nore preferably 2% - 50% by wei ght.
Concent r at i 6hs* prefefT ed SFor db%dth?ad{n&’reéltﬁﬁéhg?ﬁ%ta?lrp‘i op&FEPESLRYt h
retention ofsOtaxi rags migul uss agler 2% mod0% pyereighty mone pregerably 4% -

95" 6 by “eigﬂhght, of cyanate ester. Additionally preferred is a
15 polyorganosiloxane content of 2% - 60% by weight, more
preferably 2% - 50% by weight. Concentrations preferred

for good fracture-mechanical properties with retention

of maximum modulus are 2% - 10% by weight, more

preferably 4% - 8% by weight.

20
The polyorganosiloxane is finely divided in the
reactive resin. The dispersed particles preferably have
an average diameter of 0.01 to 50 pm, more preferably
0.05 to 20 um, more preferably 0.1 to 5 um.

215

The fine division of the liquid polyorganosiloxanes in
the liquid reactive resins may be brought about with
any of the auxiliaries and measures known for producing
emulsions. These include, in particular, mechanical
30 assemblies which develop a sufficiently high shearing
action in the medium to be dispersed, such as stirrers,
dissolvers, compounders, roll mills, high-pressure
homogenizers, ultrasonic homogenizers, for example, and
the like. Dispersing devices of the "Ultra-Turrax" type
35 are suitable for obtaining a fine division. It will be
understood that the shearing forces to be applied for
obtaining a particular division are dependent on the
viscosities of the polysiloxane and of the reactive

resin or reactive resin mixture. In the case of very



20 The pel yorganosiloxane is finely divided in. the reactive resin, The
di spersed particles preferably have an average dianeter of 0,01 to 50 um
nore preferably 0.05 CO 20 um nore preferably 0.1 to 5 pm 25 The fine
division of the lIiquid polyoraanosil oxapes in the liquid reactive resins
may be brought about with any of the auxiliaries and neasures known for
produci ng enwdshonsis¥heseiencl udepecnapagt i ewl argharechant cabe30 tagsenbl i es
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through a SUHAbl enchiolesonbasamm ol tie radl cal sk o20% Ry, gl T has
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pol yor ganosicoaeanés tampl oyfefdlclmhl fe otheghlgr oupsiarteisled ectech sotas to he
conpati bl e wibhttihe @%%yﬂ\5ﬁréﬁgékfgn}r§3&f%¥gﬂge feé#Q%g}%éHﬁearér

TheSU|tabIedlspersantsaccordlng popo. ., gsan anohi phi ructure
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25 substituted polysiloxanes are either not available or
are costly and inconvenient to prepare, the use of a
separate dispersant may be advantageous. As dispersants
it is preferred to use compounds having an amphiphilic
structure, some of the groups of such amphiphilic

30 molecules being selected so as to be compatible with
the polyorganosiloxanes employed, while other groups
are selected so as to be compatible with the reactive

resin or the reactive resin mixture.

35 The suitable dispersants accordingly possess an
amphiphilic structure analogous to that of certain
emulsifiers. Dispersants which have proved themselves
particularly and are therefore preferably used are

copolymers with a polyorganosiloxane moiety and an



enul sifiers, Dispersants which have proved thenselves particularly and are
therefore preferably used are organic-carbon nmoiety which is conpatible
with the reactive resin or reactive resin mxture. The preparation of such.
copol ymers is known in principle and described conprehensively in, for
exanple, W Noll, .;5uChem e und Technol oai e der Silikonen, Wi nhei m 1968,
In ternms of ¢oheimnicotacubrar welaght , vthesldi siper mt&wﬁ@mﬁtm{ thhe "
ur poses of nt i re t cr al' that is, the nolecu wei g
Praypvary Wi t%ﬁgd g r% i % ts%% |§ p’rge erréd 16" us&ditspér san&g1 “whi ch
have an aver@?ﬁﬁpmw apfwedyht @bp@(lGrmEGSSOLQOBnO\Matm spessedpilal in

each rasp isatdiagessnderythens pgg%ﬁwﬂélyf ﬁhefgkseg Reg opergthon, the

di spersant chosen is located at t ase bolndar eh pol vorgano- 15
si | oxane”and TeHENT VG 65 HINTHRE ¥R s%lrﬂtl}%cé?ﬁt"entwqﬂml'@ﬂr fii§ed depends
largely on its activity, on the chem cal of the polysiloxanes and reactive
resins and he di spegsi 20 co ditions, Good effects are achieved in

practice w tH coME8St rti ec?‘é%rbyw‘\?\ie?%‘ﬁt Pref Er8BPYS59%-S 1596 by
wei ght. Par tEiLCJLﬂaiﬂIQI moef ethed pmrpds&s:omifexthef ihe=n tvent isore anet

| vet her - hyl 0 e The di net hyl si | oxane
??a\éfl oﬁ |ﬁq{%?slg@gcloyo yalrrteigggl s&g‘?e er apr %/alébougg}ﬁ%W%y V\éF hi”l)é@\}flm n the
pol yet héP fraicts o:hll’ﬂih*éﬁf e Wy ipr epeebbtyedetet hl;sleer@lweexi@alatmj phopyl ene
oxi de unitsihadhe o eferrad %ﬂ@éuf@f'@e?&h@ooft byh e@§e§8d086°p§6h§96 oxi de

units in the polyether is about 40:60. A preferred cul ar wel range
is 10 000 t oS5 G/avol 1T rRAE: preter hbl h%ouvnisroebeapﬁmiltmés

viscosity atof25¢hésdpeekerabby A0 t:04000n8PAS spersant chosen is
located at the phase boundary between polyorgano-

15 siloxane and reactive resin.

The dispersant concentration required depends largely
on its activity, on the chemical make-up of the
polysiloxanes and reactive resins and on the dispersing

20 conditions. Good effects are achieved in practice with
concentrations of 2% - 20% by weight, preferably
5% - 15% by weight.

Particularly preferred in the context of the invention

25 are polyether-polydimethylsiloxane copolymers. The
polydimethylsiloxane fraction in these copolymers is
preferably about 25% by weight. Within the polyether
fraction there may preferably be ethylene oxide and
propylene oxide wunits; the preferred weight ratio of

30 ethylene and propylene oxide units in the polyether is
about 40:60. A preferred molecular weight range is
10 000 to 15 000 g/mol, more preferably about
13 000 g/mol. The viscosity at 25°C is preferably 2000
to 4000 mPas.

35
Surprisingly, it has been found that such copolymers
are capable of emulsifying polysiloxanes in cyanate
esters and that such emulsions or dispersions enjoy

relatively long-term storage stability.



Surprisingly, it has been found that such copol yners are capabl e of
emul si fying pol ysil oxanes in cvanate esters and that such enul sions or
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of additi on ¢r (ri%sl idnlﬁ ng, theaw%ol yorgn?& osi |.oxane m xture nust include a

suffici,,nt “RGMHEr “of 8g$o?ﬂds EHc T IRdr BgeaRat £8cHEF dF#BEEIy to

silicomg0infotherlnoddscSi Hogr owps andral seref efdmigaldnsinsabor ated

radi cal s whi,gh ane ahbl : r ddi t,i 0 the Sill. grou

(J.nar eact?’;éor?%Igr'lolelllﬂ)ll g:slﬁ%yg%g%% adtl osn%cfuqﬁ‘ qﬁ SR Js‘?n‘BJrlgg that

crossl i nkabF&SpoPyéy gasesPFdxanents, a pokyditiet hylajotOtyi | oXanetbich has

vinyl end gpeupseand t@owhigh L%to 10%0ofa &ﬁ.‘é’dﬁ '@%&’éﬂ%'s' oxape have
nki

been added as a crosslinker. Addition crossli ng takes pFace preferably
at room t enpBFafafle, PP sidl JoRISs0Cht HevatE®acenpetacutas, feorakkanpl e
bet weere®60 datidtribution.

The nature of the crosslinking through which the liquid
polyorganosiloxanes are converted to elastic silicone
rubber particles is immaterial, provided that it is
30 ensured that the crosslinking reaction does not
substantially disrupt the fine division of the
polysiloxane particles and that no crosslinking
reactions, or noc substantial crosslinking reactions,
take place within the reactive resin phase. Provided
35 that these conditions are met, it is possible to employ
all of the curing methods that are typically used to
crosslink polysiloxane elastomers, especially the known
addition and condensation methods. Addition-

crosslinking polysiloxanes are preferred.



15 140C, in the presence of a noble netal catalyst. For this purpose it is
normal to use conpounds of the elenents of the platinumgroup in the
Periodi ¢ Tabl e, such as platinum palladiumor rhodium One frequently used
catal yst, for exanple, is hexachloroplatinic acid in solution in suitable
solvents, such as in glycol. ether or icor,roparol, for exanple. O her
suitable catalysts are the reaction products of noble netal chlorides with
organi c or nasid i ¢ t nt Ln_vin ro e nobl e
net al s thengIE €eg§£5 gﬂﬁlgﬁgg?gggﬁnogﬁiuﬁg 6?%O?uﬁﬁd??ébﬁﬁﬁﬁpgi §§Flvated
carbon or alRPd YiPIgaoX$ deoxBondarHsatimn- oness| inklingsi looxanésconteaitnr eadi | y

elimnabl e radicats abtachedyd r sellon t oslddeon. é?BBEﬁS gﬁztg%'h 2. ar oups

hydr oxyl , % acvl oxy, ketOX|n1no am ne, anln or a
or hydr o&en THeSel 8l P i Ahbl €O adi BaPshamywHEA §9Hseaoun8t héd also

pol yO{gﬁﬂosuémmamam%g&/ea dkadsltcba@eswﬁﬂehﬁd aF(Pe_eC' f}dll@ﬂ |t|Y> as
crosslinkers._ Frequen use condensat i on- or ossl i nki ng pol ysi | oxane
el ast oners aréfcd%% %%y%*o%oT?dFﬁ%tﬁ ﬁs?FB&Bﬁeglﬁnﬁhrﬁ?ﬂFé?Ql k8Rd#gr oups

and, as addeﬂsor&wﬂrmk@qﬂauron or tretraadnganoexyssi | agesplsych ase
nethyltrlac et I

nethyltrls(ﬁégﬁ%$ %é(»éé%§§%%¥$%%§grpo Sretfyl 2 POLYRPEFEYiroxane.
The useZ8f |W#P%%tba§svsnvé ot absolost elnd necessacly h%rep but may
be advi sabl el gtheprt be ghiratdan, lq{yélk@sfl%}@ar% |kl 00 pEeACtI LS Sy

0
shortened or the te erature required for oross%bnklng | ower ed. % §U|table
catal ysts i nolUdR Pridharily GQQEHPE he&WpSretiai<idy t s, talieh asPiLReeknown

oct oat ea, | awsiessbInaphdhenates Otemp@ﬁﬁﬂaiéﬁ thdbsZbeoni umy, | gad and
titani um fo%: éggge 10 Th se CFOSS#InkI hods known for the
0

preparation Oxane &1 Hst oMery ca.o%e ?@%ﬁ%d BGCtroRe FPnkPAG
reacti ons w@&ﬂf@wel@btéet@ﬂmsanxaﬂmﬁnathebﬂhrmmuhﬂmmmt@hpétcre&sl|nkina

of Lhe | {neam ol yorgagasi Loxane mplagl o5, The. ! eagtiy@ aroups hat are

needed 13 for, suc Ilnklng reactions may not onr oca Fly on
the polysi| X&WETRE nOEhaPR, DA tdeset | Hedumbdve tfl’@r Pérel chownTehdes of

addi tion craessid nkd nglgﬁgn@@ndpantau@umcr&S%}Hd&id}@ Byl mRyqakseibe
connected to tgg ani ¢ rﬁglcals R, R' of the above- |nd|cated 20
formul ae (1)a ?%ﬁg % rbéxﬁﬁgﬁFvcﬁs\ﬁ@*@?%%9¥?ﬁkﬁ¥%ﬂ%ﬁ gFédps,

descri bed edrl i eplonhiaboviey bylmhbmb tm@Bfem@@;c&b&hnaasbajﬁu§$ybbmted For
cethat s eEE A AR e PR A kR Ry GHIEPBOS | ki e

se that is critical; ins §li nki ng
in which sub@%%ﬂ%ﬁséﬁiyaﬁﬁreehﬂlnea@¢tmmmlypnndunﬁ311kéd pobyer ganosill oxanes

are formed Wi0ee ekas s ki BPo8RNST bY Icthdd1a 120 Nalfbd e eneudp to oive
e CrossliinkKin
conééln vinyl groups, or the noble metals themselves in

25 fine division on suitable supports such as activated

carbon or aluminium oxide.

Condensation-crosslinking siloxanes contain readily
eliminable radicals attached directly to silicon, examples
30 Dbeing hydroxyl, alkoxy, acyloxy, ketoximino, amine,
amineoxy or alkylamide groups or hydrogen. These
eliminable radicals may be disposed in the
polyorganosiloxanes themselves and/or in silanes added
specifically as crosglinkers. Frequently used
35 condensation-crosslinking polysiloxane elastomers are
composed of polydimethylsiloxanes with hydroxyl end groups
and, as added crosslinkers, tri- or tetraorganooxysilanes,
such as methyltriacetoxysilane, tetraethoxysilane,

methyltris (methylethylketoximino)silane or polymethyl-



30 product el astomerio and non-resinous properties but on the other hand
hi gh enough for the orosslinking product to have at |least a m ni mum of
rubber-elastic properties. 35 The average particle size of the

pol yor ganosi | oxane rubber particles anddheir size distribution exert an
i nfluence on the key properties of the cured, nodified reactive resin,
particul arl yhmrdsjddbqaaet Urteet ougehneSs c@ndehﬁ@tamn t aagﬁm;%tss iy st

therefore a success i med acc r dance
with the inventi on%ﬁgfs nte%ress {} e Sl 233 {'67be" adLY P’HF
af orenment i or@dfﬁitrl@ﬂerqfeoth@ngle@slan&engerreatteon bel rtg> dda aahm:ctemfed i nst ead

of a very naif owpe' U@bﬂﬁgﬁéﬁaréﬂ butjong t h%r%'s% 5.11 Orl QJ Lhe
2o

partlcle S|zes i s _broad over tire artlcu ar pre erre rangefrom
0.1 to 55umSY¥idPbdgaritelvEhe pl@ﬂtluglﬁe péflzr@rémyt rqr@am@nmayyb@etal

characteri zegh1tsQr xample, iy fontddteaussdi agetefedi stoihuldQregurve in
10 the manner of a ussi an dj stribution curve, or else may be composed of
two or threé’si ?Seté%%%e eacH wi tzFlrSO]F‘élll%'tl \J‘@F‘? G ol §R2EI stEPFbut i on
("hi or trievsdgllt). 15 The desired -particlesize distribution ofthe
crosslinked pol yorganosi| oxane rubber particles which are present in the
reactive resin matrix may be predeterm ned, and controlled within wde
limits,l8s EAyase ax ol mgcite Iﬁﬁts?pzdslk‘rgpmpef@n Oine dprepgra’hmﬁOofor mat i on

of the non- C‘eh(l%ﬁla!ﬂékeélﬂgkbﬁﬁégén%%rl Oisé”%zé’éé}{&ieﬁ SbKe ection

of the shearing forces and, where appropriate s ersan t ought
to he ensurdFAHatCthe"Parti chee iz ai $€r i Butngn atmut i §h@bt éhﬁ@d in the

cour se of dldamerrsamals retal dleithiznpubst anthal | yi waghanged, dugibag-t he
subsequent 198683 molecules. The reactive groups that are needed
15 for such linking reactions may not only be located
directly on the polysiloxane main chain, as described
above for the known cases of addition crosslinking and
condensation crosslinking, but may also be connected to
the organic radicals R, R' or R" of the above-indicated
20 formulae (1) and (2), and may be identical with the
functional groups, described earlier on above, by which

these radicals may be substituted.

For achieving the inventive purpose it is not the
25 nature of the linking per se that is critical; instead,
suitable linking is any kind of crosslinking in which
substantially three-dimensionally crosslinked poly-
organosiloxanes are formed whose crosslinking density
is on the one hand low enough to give the crosslinking
30 product elastomeric and non-resinous properties but on
the other hand is high enough for the crosslinking
product to have at least a minimum of rubber-elastic

properties.

35 The average particle size of the polyorganosiloxane
rubber particles and their size distribution exert an
influence on the key properties of the cured, modified
reactive resin, particularly on its fracture toughness

and impact toughness. It is therefore advantageous for



steps, particularly during the crosslinking of the polyorganosiloxanes and
during the curing of the reactive resins. It is, however, also possible,
and causes no or virtually no inpairnent of the success 30 aimed at in
accordance with the invention, if some 1af the particles fornmed during

di spersing are coagul ated or agglonerated in the subsequent process steps -
i n other wnrashi¢¥itheyheonbicneso 4ined patt iiel eﬁccyniﬁdhria:el arger dhaneter. y
This normal |y, S r I - di.fferent size a . resu
of whi ch, forn§%£@ﬂﬁﬁ fﬁg %%%t oﬁg “Above.”S %; %%v5ﬁ§3§§8§SWl$§Fnth

pur pose of a%%¢e@ﬁﬁge@ﬁnﬂﬁpmﬁwedpfeé@tu&@ andmﬁnpaca troigtiess fitacthe

cured, nDdlfbégbéeaQﬂh¥ﬁ1k§§lngf for, E EnelgfdlWAde@egglyshgg§ng rubber
-,-1-ic.Des éo enter into a chenical d"Wi th the Teactive résin- The bond

is advanﬁagelﬁﬂ%m?ﬁ%hg%t %ﬁ%%%lQNt%Wénlc%here@éﬁtéhb%b%Q@enOfeaCheve

groups presemroncidessyebace obrihe, r@bb@rtﬂ@gté§£§§ea?grEQEﬁ§§999d'n g
reactive arou s |l ocated in thﬁﬁreactlve resin, the reactive _10 groups

| ocated on tie” SUrfate "6 he holysi 1 oxdire palti cl ESF b&X G HEr moAReed wit h
the reacti veoagrioups: obitke ¢pastttinhiatocyangt ebestdiarddtaridesd f oEct-he

I S e t ble to re chemically with the
Pgagﬁrggngeg%n ithe ?ﬂgcé,gﬁﬁgiﬁﬁgésnﬁg?m% &t 04 ?551§ﬁ£fﬁ% sht¥&ceé™of the
pol yor 9afositisxanenrabbert par Gaglses . anThiss carbbeiorakuzed, for exasple, by
the radical R &Oéorﬁi;oééat ofr €Br esenty.d *%zgé;' YPLganosLl oxane garrying

2 orres ondln reacti ve substituents, as
0c P % Xat?ve ly ~narrow size dlstrlbutlon ("bi- or

trimodal™) .

15 The desired particle size distribution of the
crosslinked polyorganosiloxane rubber particles which
are present in the reactive resin matrix may be
predetermined, and controlled within wide limits, as
early as during the dispersing operation during the

20 formation of the non-crosslinked polyorganosiloxane
droplets, through the selection of the shearing forces
and, where appropriate, of the dispersant. It ought to
be ensured that the particle size distribution that is
obtained in the course of dispersing is retained

25 substantially unchanged during the subsequent process
steps, particularly during the crosslinking of the
polyorganosiloxanes and during the curing of the
reactive resins. It 1is, however, also possible, and
causes no or virtually no impairment of the success

30 aimed at in accordance with the invention, if some of
the particles formed during dispersing are coagulated
or agglomerated in the subsequent process steps - in
other words, if they combine to form particles with a
larger diameter. This normally produces particles in

35 different size classes, as a result of which, for
example, the abovementioned bimodal or trimodal size

distribution may come about.



observed above by way of exanple. It is preferred for these substituents to
have no undesirabl e influence on the crosslinking reaction of the

pci yorganosili.nanes. A further possibility lies in the corresponding, at

| east 25 partial substitution of the dispersants used., appropriate, during
t he di spersing operation of the polyorganosil oxanes, by the desired or
necessary reagtieegdpupsnt VWhadt heopepcessiof atihantayestikonsbhi shean be

acconpl i she j artdc e hy ensurin 0 when sel ecti.ng a,

sui tabl e arrg%l}{\%p%%?c Ogi.s%ée}?is%\ﬁ?r?gt fa W%r%\f%%ni%g aChPB6n T st'Lf“lg’ﬁgﬁt

cont ai ns sui‘%%w@lﬁﬂ%%tpﬂhvél‘@r otpsed ] nmorde fpedf erasedt iendbodk sremt , ot otrhe
process of téie.i muondilonqLAeLE! 0h8s8; dLeEL Sanlls, Usad el hag an
organi ¢ carbon noi ety ‘t hat contai hs 3 reactive groups ich,”as reaction
nedi ators, Ul TP Bripghapelt benéniveah bbAdsehetweenrehén. The

pol yor ganosid@xaneipar tidehesaaBduthe reachigre resid,or § aCEhéﬁ‘qigsii n
m xture. - 13 - A further possibility arises througth the use of additives
whi ch serve 28 Featt | Dn-Hett at 0F St TH OF dérs t BYeRshF eoRheRaestFéaceheni cal
anchoring ofoft hectst | idnen ulpkeart ipdrdd clesl t ecrhe spesiAngat EeXctas8
reacti on nedi of; thi ind additionally nmast al so have chem cal
noi eti es \/\/hlc%:]’ﬁc£ ihd llqtcj%to%dt(helg*si Eﬂ%on@e?%% e Parti'tl eg?‘eReQS?FBﬁvﬁedi ators
of thislki ndseieen Poityrst ganosithexamenfalsser ofar thel esoapdiloxane
react | ver esigibhalarausedarepn etreabl va 1 eraannal Jud Xyl | angs, andgor

apted to e

or Qanosi | i coqg%(copol ymers wWith reactive groups a
pol yor ganosii Uk ares ity £y testast<er Sui t abl e or ganoal kyl oxysi | anes are,

for exanple, vinyltrinmethcxysilane, alycidyl-

cxypropyl triet hoxysil ane,.am noprcpyl tri et hoxysil ane, ,

, net hacryl oy noxoyrp&r%/orpy%iC‘Err i TET Ho %?F% O%#n‘”f | ?‘E]E}?ebﬁ%ﬁ%?]r?%oﬁ@

copol ynePs W chbaee tsui tabte thentities lpurpose Ry, ddeduiwnci pkeinhave a
constructionsi ml Pt ahove; Lb Lspersants. anpl es
of suitable or aanb%lgﬁ c%n E%%Jg%l ;nr%%rtsq% el%§%%%%3§?‘i %rl{legos%r?%ad%%t g%of | ow
nol ecul ar wéikht POSYPAABNOE ét AkAREed Putsali methycdielbox afess wictm dbgl yci dyl

ethers, hydr@eGarddoxWd:C aeds Or PelyiesteLs$: cond ab nipg Hydgexyl  and
carboxylic acid groups, .aronatic gol yhydr oxy conmpounds, etc. Further
possi bi i ti &% %ari S8R Gugh*™ het95 hyBPO¥PFGREPFOACHRNE  carrying

pol ymethy| hydrosisboxaries 1w t hreagpousds sbehi tueradsdi tier toatheadesired
Cther . ol [yl o acne) by ctPer Y prdpar st terar t Fng T o Lok iedhel aF conol .
al lyi met haéhyisgt sulstydrangeet hyl havey hat eindwd ieiat lanhidf igen@ndothe |i ke.
;rﬂg g; tepar ati@n c‘%fostsll‘?L%@{i‘ﬁ%queya{Eﬁ:ri%ri S4 amd iﬁél&@réﬁogﬁgggnésg! Iked Ln
further possibility lies in the corresponding, at least
25 partial substitution of the dispersants wused, if
appropriate, during the dispersing operation of the
polyorganosiloxanes, by the desired or necessary
reactive groups. With the process of the invention this
can be accomplished with particular ease by ensuring,
30 when selecting a suitable amphiphilic dispersant, that
its organic carbon constituent contains suitable
reactive groups. In one preferred embodiment of the
process of the invention, therefore, a dispersant is
used which has an organic carbon moiety that contains
35 reactive groups which, as reaction mediators, are able
to bring about chemical bonds between the
polyorganosiloxane particles and the reactive resin or

reactive resin mixture.



The reaction by which the polyorganflsilccxane rubber 35 particles are to
be bonded chemcally to the reactive resin matrix is advantageously carried
out before or during the further processing of the nodified reactive resin,
the nature and conditions of its inplenentation depending largely on the
nature of the reactants involved_In the sinplest case, a corresponding’
increase in Aenperahere pessubfildicent atra derd nz:la&mlgﬁ hetlgesi tied r@&ctl on.

A ot S I A e P LT i R AL

with the reactive groups o ol ysi oxane par 17%6s "éxa
abovenent i oned reagvren A atd@rsstre@r oiheinmipon@mhm@ caf al yzes this

reaction, tosiilfcé@@cthy@oé@s'ﬁarwci@és Eésetﬁge E@é&ﬁ' OmaEQH}Qoneat or the
catalytlcal onent for addition ma 10 1 dentical ‘'with the

Iy actjve conp
cor r espondi r%e%%trﬁﬁ}heﬁ?gl%%h Fr i Ayl absEndt dclifrlioﬁ@lrlé’adw% 6f sbhe

reactive residave | Bhthatatase ide &hegheah bondi thrQ@Ctﬂk‘P@ ks1preherably
not carried o t until af t r t he_ shapi ng operati on, reactlve resinis

to be cured,” TF Hppropriate s sinaftantou ?Qlﬁf?ﬁsth?’ ctitig. K¥Re
i nvention thEttheErerpr ovpdkso ag pnocebexd 0¢ prem]albeﬁa apapditied reaeti ve

resin of the.dnhventd on,ré(%qr ead;/r's%eefl ned gims_18 to 21 Thg%aspects

of this process 20 have a n deaFt WI above in gﬁﬁgcf" B with

t he di sélssivrEatoahe repertdnss ofnilierr eacgdnes rlesiane Accppdiyngrs
t ooneaspect ofi e U KEBSS, §ABups adapted to the polyorganosiloxanes

and cyanate esters. Suitable organoalkyloxysilanes are,
for example, vinyltrimethoxysilane, glycidyl-
oxypropyltrimethoxysilane, aminopropyltriethoxysilane,
15 methacryloyloxypropyltrimethoxysilane and the 1like.
Organcsilicone copolymers which are suitable for this
purpose may, in principle, have a construction similar
to that of the above-described dispersants. Examples of
suitable organosilicone copolymers are condensation
20 products of low molecular weight, silanol-terminated
polydimethylsiloxanes with diglycidyl ethers, hydroxy-
carboxylic acids or polyesters containing hydroxyl and
carboxylic acid groups, aromatic polyhydroxy compounds,
etc. Further possibilities arise through the
25 hydrosilylation of polymethylhydrosiloxanes with
compounds which in addition to the desired reactive
group also contain an olefinic double bond, such as
allyl glycidyl ether, allyl alcohol, polyethers
prepared starting from o-alkene alcohol, allyl
30 methacrylate, 2-hydroxyethyl acrylate, maleic anhydride
and the like. The preparation of these copolymers is

familiar to the person skilled in the art.

The reaction by which the polyorganosiloxane rubber
35 particles are to be bonded chemically to the reactive
resin matrix is advantageously carried out before or
during the further processing of the modified reactive
resin, the nature and conditions of its implementation

depending largely on the nature of the reactants



pol yor ganosi | oxane can first be dispersed in the 25 cyanate ester or a
portion of the cyanate ester, and then a crosslinker for the polysiloxane
can be added. It is possible, for exanple, to disperse what is called a
pre-catal yzed pol v=zil oxane (al ready cant ai ning, for exanple, platinum
catalyst) in a portion of the 30 cyanate ester and then to add a further
portion of theveyapdte égteﬁﬁmbefenepieaalIyxaﬂﬂlngathece&QS@bhﬂﬁﬁg for the

cl ysi | oxane; he cro of Sh rs ons | oxane
Bar¥|cles tol?%$§£%%p§F§3|$ﬁ$é§%% gu@%%§¥%e |%ve ?dﬁglgb dEscri - ed
bel ow by neaﬁ%eoﬂeékéﬁﬁlé@actﬁéﬂstaﬁm@h@enap@ssabslm$edJweﬁe as fakl ows:

Primaset LEQygd#s Aonebhyld depedibpbgpylcdi-gyanate, .Lanza |
10: 4,4 - thS?ldeneJ?phe dlcganate (fﬁ%tsnan Advanceg béterlals %Europe)

10 Emul sPfi erspot 'V%t%@?g%%l9ﬁeFH?lEPFB?&%@X@Bﬁop9ﬁéﬁclsébyexﬁ@pﬁ?ssu|oxane
fraction 25%dayng\e|tgbt abf ettt dnddt 0240460, MM/ H00,gi ot ,

viscosity at é%p n%Blch catalyzes this reaction, to the
reactive resin. In this case the reaction component or

the catalytically active component for addition may be

10 identical with the corresponding components which bring

about the curing reaction of the reactive resin. 1In

that case the chemical bonding reaction is preferably

not carried out until, after the shaping operation, the

reactive resin 1is to be cured, if appropriate

15 simultaneously with this curing.

The invention further provides a process for preparing
a modified reactive resin of the invention, which is
defined in Claims 18 to 21. The aspects of this process
20 have already been dealt with above in connection with

the discussion of the properties of the reactive resin.

According to one aspect of the process, the
polyorganosiloxane can first be dispersed in the

2i5 Cyanate ester or a portion of the cyanate ester, and
then a crosslinker for the polysiloxane can be added.
It is possible, for example, to disperse what is called
a pre-catalyzed polysiloxane (already containing, for
example, a platinum catalyst) in a portion of the

30 cyanate ester and then to add a further portion of the
cyanate ester, before finally adding the crosslinker
for the polysiloxane. Then the crosslinking of the
already dispersed polysiloxane particles to form a
polysiloxane rubber begins.

315

The invention is described below by means of examples.

The starting materials used were as follows:



Silicone-PM prem x. of 99. 5%ywei ght of

a, 0-di vi nyl polydi net hyl si | oxane and 0.5% ) 5by weight of a 1?.; strength
sol ution of hexachloroplatinir arid in 2-propanol.

Crossiinker:a, Mdi(trinethylsilvl)pol-vmet Ryl - hydrosiloxane 20 Exanple 1 A
10 1 |l aboratory dissolver is charged with 2500 g of Prinaset LECy and 660 g
of enulS|f|é%rkmﬁFQUu;EE?'cdnﬁUn@&ﬂﬁykﬂdaﬁaduphdnyaldahqm@et&re noxed W th
stirring at SO0 mn in vaoyq for 5 mnutes. Subsequently 2600 g of
silicone-PM are added and EJSpersion takes place for 25 min (500/mn in
vacuo) 30 In the next step 2500 g of Prinaset LECy are added and di spersion

takes’ pl ace dfrercya 1f urdther 15 gni it gs. HRALHY 08y E:g.Ql, crossli nker
are added and di spersion is contlnued for m nut es nnrc 35 A snoot h,

white to’yel | owi sh di sper sFORTRESToBCAIFRESS MFH€IV@§§o§ﬁPF@§eﬁeasured wer e
as follows: visconeter, 25C. ) Primaset LECy: 80 nPas

Emulsifier: polyether-polymethylsiloxane copolymer,
polydimethylsiloxane fraction 25% by
weight,

10 EO/PO unit ratio 40/60, MW 13 000 g/mol,
viscosity at 25°C 3000 mPas

Silicone-PM: premix of 99.5% by weight of
o, ®-divinylpolydimethylsiloxane and 0.5%
15 by weight of a 1% strength solution of

hexachloroplatinic acid in 2-propanol

Crosslinker: o, W-di (trimethylsilyl) polymethyl-
hydrosiloxane
20
Example 1

A 10 1 laboratory disscolver is charged with 2500 g of
Primaset LECy and 660 g of emulsifier and the
25 components of the initial charge are mixed with

stirring at 500/min in vacuo for 5 minutes.

Subsequently 2600 g of silicone-PM are added and
dispersion takes place for 25 min (500/min in vacuo).
30 In the next step 2500 g of Primaset LECy are added and
dispersion takes place for a further 15 minutes.
Subsequently 66.7 g of crosslinker are added and

dispersion is continued for 10 minutes more.
35 A smooth, white to yellowish dispersion was obtained.

The dispersion obtained was stored at 20°C for 14 days

to test its storability.



Modi fied reactive resin imedi ately after preparation: nPas ~Viscosity
of the reactive resin after 14 days/20C. 10 630 nPas The very sliaht rise
in viscosity after 14-day storage denonstrates that a storage-stable
nmodi fied reactive resin has been obtained.- Exanpl A 10 1 |aboratory

di ssolver is charged with 2500 q of ARDCY L 10 and 650 01, of emulsifier
and the conpbrent’ss20sof ithe niqrstumald charge aar ef ol xeds W t(hosti/plieRg at
500/ mn in vacuo far.5 mautes. Subsequently 2600 g of silicone-PMare
added ane. di sper3| on takes ‘place for 25 nmin (500/nmin in veduo). In the
next step 2500 g of AROPY. L 10 are added and di scersion takes place for a

further 15 npﬂuﬁﬁet Sjmeqwtnllg/as% 7 g of crosslirker are added and
di spersign is continued for 10 minutes nore, 30 A snooth, white to

yel | owi sh di spersion was obtai ned, The di spersion obt ai ned was s red at14 a

to test its midrmhbiditeact ikhe ﬁ@@&paﬂm&ﬁmsyuraeﬂié&erp%e%%ﬁa@ ilowns;
cone/ pl ate VEI’ ongat er, 25C) M QOCY L80 nPas .7 - Modifiéd reactive resin
i mredi ately a OfscF pr eparatio 710 nPas

Viscosity of the reactive resin after 14 days/20°C:
10 630 mPas

The very slight rise in viscosity after l4-day storage
demonstrates that a storage-stable modified reactive
resin has been obtained.

15
Example 2

A 10 1 laboratory dissolver is charged with 2500 g of
AROCY L 10 and 660 g of emulsifier and the components
20 of the initial charge are mixed with stirring at

500/min in vacuo for 5 minutes.

Subsequently 2600 g of silicone-PM are added and
dispersion takes place for 25 min (500/min in vacuo).
25 In the next step 2500 g of AROCY L 10 are added and
dispersion takes place for a further 15 minutes.
Subsequently 66.7 g of crosslinker are added and

dispersion is continued for 10 minutes more.
30 A smooth, white to yellowish dispersion was obtained.

The dispersion obtained was stored at 20°C for 14 days

to test its storability.

35 The wviscosities measured were as follows: (cone/plate

viscometer, 25°C)

AROCY L 10: 80 mPas



ViscoL: v of the reactive resin after 14 days/20C. 1000 nPas The very
slight rise in viscosity after 14-day storage denonstrates that a storac;
e-stable nodified reactive resin has been obtained. Cains 1. Modified
reactive resin which. conprises: a) at i1»ast one cyanate ester; h) at |east
one pol yorgancsil oxane which is present in the reactive resin in finely

di vi ded f or Mod2f Mydli féamtk Ieactd vien charati=erd lzed it s el egiad frem t he

resin according that the cyanate group consistind of based and

novol ak- based cvanate esters. 3-Mdified reactive resin according to Claim
1 or 2, characterized in that the poivorganosil oxane

Viscosity of the reactive resin after 14 days/20°C:
5 1000 mPas

The very slight rise in viscosity after l4-day storage

demonstrates that a storage-stable modified reactive
resin has been obtained.



particles are able to react, by ne,rs of reactive groups di sposed on their
surface, with the cyanate 20ester. 4 Mdified reactive resin according to
any of Clainms i to 3, characterized in that it contains 40%- 98% by
wei ght, preferably 50% - 98% by 25wei-gh of dyanate ester. 5. Mdified
reactive resin according to any of Clains 1 to 4, characterized in that it
contains 2% - 60% by wei ght, preferablpi®% - 50% by wei ght 30cf

pol yor aanosi | oxane. 6. Modified reactive resin according to any of Clains 1
to 5, characterized in that the pol yorganosil oxane particles have an

aver age di artet er MG IGE BT M prester abiiyh0 FPrizgspm nore preferably
0.1 - 5 pm - polyorganosil oxanes derive from sil oxane units of the

gener al %or mul a (Pégrﬁ’,%@ in which the two nonoval ent radicals R which
may be afike or &if falfdy i WEaR t6r S5t&fched al kyl groups having 1 to
18 C atons, cycloaliphatic groups having 4 to 8 C atons, |inear or 10
branched al kenyl . gr Qups ihg 2 to 4 at ons henyl or al kyl phenyl groups
having 1 to 12 Cbgt (%#B igg%(%te alolnpehatP(gtL %ﬁ?ac%?glf?;.{a%?sow@éicﬁg pdEsi bl e
for the hydrocar bonoradicsdl st dlive sbstivtaitiess by iral bgenby odibydbgdr oxyl ,
carboxyl, 15 carboxyd.g anhydride, am no, epoxy, alkoxy or alkenyl oxy
groups,_and are additionally polyether or polyolefin groups and al so

hydr oge%? the groups being joined directly or via an oxygen or a nitrogen

atomto a silicomoatigmedf tRective resin according to Claim 1,
characterized in that the c¢yanate ester is
selected from the group consisting of bisphenol-

based and novolak-based cyanate esters.

15

3 Modified reactive resin according to Claim 1 or 2,
characterized in that the polyorganosiloxane
particles are able to react, by means of reactive
groups disposed on their surface, with the cyanate

20 ester.

4. Modified reactive resin according to any of
Claims 1 to 3, characterized in that it contains
40% - 98% by weight, ©preferably 50% - 98% by

25 weilght of cyanate ester.

5. Modified reactive resin according to any of
Claims 1 to 4, characterized in that it contains
2% - 60% by weight, preferably 2% - 50% by weight

30 of polyorganosiloxane.

6. Modified reactive resin according to any of
Claims 1 to 5, characterized in that the
polyorganosiloxane particles  have an average

35 diameter of 0.01 - 50 pm, preferably 0.05 - 20 um,

more preferably 0.1 - 5 um.

T Modified reactive resin according to any of

Claims 1 to 6, characterized in that the



20pol ysi | oxane chain. 8, Mdified reactive resin aocordina to Caim?7, _
characterized in that the pol yorganosiloxane is a. block copolymer in which
nonoval ent radicals F. 25 and R' are di sposed along the siloxane main chain
in bl ocks which derive from polymer units -of the general fornula

-(R 221 0)x- (R"25i1 0) y-(2) 30 where the radicals R and RH, which have the
same definition asoRoagendiiierentsf dem one fanet herloxwid euhhesr adi cal s F.

and R' may anong &I;l(gr%glll%(ﬁasl be ?r!u,}\%§ or different, and x and y are both |
S )

or 35integral multi ereo dified reactive resin according to Claim
7 or 8, characterized in that at |least SO%of the radicals R R and F. are
met hyl and/or pthenyl (g/Qups. Mdified reactive resin accordi ng to any of
Claims 1_to 9, characterized in that it further conprises at |east one _
di spersant. Mddified reactive resin according to Caim 10, characterized in

that the dispersatt eRntenthes t2% m2R¥e0Nwei g cPrefer ahhy-h5%by
wei ght. 10 12Modi.fi ed reactive re accordi ng to daim7 or B.
c

. i_n
characterized in Thatt dlo§peii§§ﬁFr88ﬁt ai 7§ ()-Jrfﬁb?ﬁiﬂ_s FavPrgrarsd
anphi philic structike] soneup$ thevgngups oftsuchs aﬂ})@t@hgl [ c_clgyallacul es
bei ng selected s ol i wW.th the 15.po rganosi | oxanes
enpl gyed, whi | e %%ﬁ%lofngg{?éé nggéPgdqsotoasg.t% e ngso‘rrpgf?%flé Wth the
--ama' - éleater. 1BanBHid i edkesadt i georesi nhactog ditg tco @ &i mtoms,

20characterized ighdihat the di gpRLSBRENGONPI§56S,2 having 1 to
12 C atoms in the aliphatic radical, it also being

possible for the hydrocarbon radicals to be

substituted by halogens or by hydroxyl, carboxyl,

15 carboxylic anhydride, amino, epoxy, alkoxy or
alkenyloxy groups, and are additionally polyether

or polyolefin groups and also hydrogen, the groups

being joined directly or via an oxygen or a

nitrogen atom to a silicon atom of the
20 polysiloxane chain.
8. Modified reactive resin according to Claim 7,

characterized in that the polyorganosiloxane is a
block copolymer in which monovalent radicals R'
25 and R" are disposed along the siloxane main chain
in blocks which derive from polymer units of the

general formula

- (R'2810) x- (R"2810) - (2)
30
where the radicals R' and R", which have the same
definition as R, are different from one another,
while the radicals R' and R" may among themselves
be alike or different, and x and y are both 1 or
35 integral multiples thereof.

9. Modified reactive resin according to Claim 7 or 8,
characterized in that at least 50% of the radicals

R, R' and R" are methyl and/or phenyl groups.



copol ymer of pol yorganosil cnmanes and pol yet hers, 14. Modi fi ed
reactive resin according to Caim 13, characterized in that the di spersant
conprises a. 25copol yner of pol ynethylsil oxanes and pol yethers. 15,

Modi fied reactive resin according. to @ei-m 14, characterized in that the
pol yether fractions of the oopodyffc contain ethoxy and/ or propoxy units.
16. Modified reactive resin according to any of Clains 1 to 15,

characterizq%jr1ﬁé@gfiédcopg5£§§§ecr9gggbnk %%b&%%gbhet99lyor anosi | oxane,
g to damle,

35 17. Modified reactive resin accordin _ . chayac?n ized in that
the crcsslinker cohprises a°pal yorgahohydrosetoxanethptefigr abhytaer

poi ynmet hyl hydr osidaxaneses 18 Rr06essd Q{i@%ﬂﬂﬁ_g. a nodified reactive
resin according to any of Claims 1 to 17, characterized by the follow ng
st eps: xing cyanate ester and .o siloxanei b) ermulsifying the

pol ysi | oxaneLi n tvel oyianat e dactster ; (3 i¢) at:cb@ashggar:bl yc@é&ﬁshbggi nd the
finely divided pol,yorganosi| oxane, 19. Process.according to Caim18,
charact eri zed in%ﬁﬁﬁégéﬁﬁﬁ%ﬁ néPIf”?Fsﬁ%ﬁaa?lﬁﬂﬁyﬁ?n5)%?Wﬁ%ﬁﬁn%ﬁnt i's
added. 20, Processs accordimg weadBitai mrE coradly; Ghar dcteidyz eckiightt.hat

additionally a crosslinker for the 20pol yorgangsil oxane is added. 21.

Process_according to Caim20, characterized in .
10 12. odified reactive resin according to Claim 7 or 8,

characterized in that the dispersant contains
compounds having an amphiphilic structure, some of
the groups of such amphiphilic molecules being
selected so as to Dbe compatible with the
15 polyorganosiloxanes employed, while other groups
are selected so as to be compatible with the

cyanate egter.

13. Modified reactive resin according to Claim 12,
20 characterized in that the dispersant comprises a

copolymer of polyorgancsiloxanes and polyethers.

14. Modified reactive resin according to Claim 13,
characterized in that the dispersant comprises a

25 copolymer of polymethylsiloxanes and polyethers.

15. Modified reactive resin according to Claim 14,
characterized in that the polyether fractions of

the copolymer contain ethoxy and/or propoxy units.

30
l16. Modified reactive resin according to any of
Claims 1 to 15, characterized in that it comprises
crosslinkers for the polyorganosiloxane.
35 17. Modified reactive resin according to Claim 16,

characterized in that the crosslinker comprises a
polyorganohydrosiloxane, preferably a polymethyl-

hydrosiloxane.



t hat the pol yorganosiloxane is first enulsified in the cyanato ester and
then a orcsslinker for the 25pol yoraanosil oxane is added. 22. use of a
nodi fied reactive resin according to any of Clains 1 to 17 for producing.
t her noset pol yners - 21 -

18. Process for preparing a modified reactive resin
according to any of Claims 1 to 17, characterized

by the following steps:

5
a) mixing cyanate ester and polysiloxane;
b) emulsifying the polysiloxane in the cyanate
ester;
10
c) at least partly crosslinking the finely divided
polyorganosiloxane.

19. Process according to Claim 18, characterized 1in

15 that additionally in step a) and/or Db) a
dispersant is added.

20. Process according to Claim 18 or 19, characterized
in that additionally a crosslinker for the

20 polyorganosiloxane is added.

21. Process according to Claim 20, characterized in
that the polyorganosiloxane is first emulsified in
the cyanate ester and then a crosslinker for the

25 polycrgancsiloxane is added.

22. Use of a modified reactive resin according to any
of Claims 1 to 17 for producing thermoset

polymers.



