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mat eri als can carrle usin eren curi
conmponent s, whi@h are suitable fez? thisg purpose must meet h:z,grh

regquirements with regard to the processing and moulding

15 material preoperties. Thim relates in particular to the
' purity of the moulding materials and the rheclogical
- behaviour and the curing properties during processing as
transfer moulding materials by the transfer moulding
process, and also the mechanical and thermal properties

20 of the epoxy resin moulding materials and the stable
long-term protection of the components against aggressive
environmental influences. In addition, the epoxy resin
moulding materials must meet the bigh regquirements in
electronics with regard to flame-resistant behaviour and

25 - im the comnventiocmal internatiomal flammability test
aceording to UL 94 - must achieve the classification V-0
at a layer thicknoess of s 1.6 mm.

Curing of epexy resin moulding materials can be
carried out using chemically different curing components,
3¢ for example using carboxylic anhydrides, amines or
phenels. However, phenolically curable epoxy resin
transfer moulding materials highly £illed with silanised
quartz powder are usually used for coating electronie
components by the transfer moulding process.

35 Phenclically curéble epexy resin transfer
moulding materials c@nta;in},l"aﬁ a zule, 20 to 30% of
organie substances and 70 to 80% of incrgainie substances.
The chemical basis of the resin components consists in
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¥ for exanple wusing carboxylic anydrides, amnes or phenol s.

However, phenolically curable epoxy resin transfer noul di ng
materials highly filled with silani sed gquartz powder are usually used
for coating electronic conents by the transfer noul ding process. 35
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flame-retardant properties of the epoxy resin moulding

15 materials are further aupperted by a high content of
sllanised guartz f£illers; both splinter-like f£illers and
mixtures of splinter-like and spherical f£fillers are used.
‘Recently, syanthetically produced a-radiation-free guartz
fillers have been used to aveoid so-called soft errors in

20 highly integrated clrecuits. The high content of silanised.
guartz filler alsoc serves for improvimg the mechanical
and thermal properties of the epoxy resin moulding
materials, in particular for adjusting the coefficient of
axpangion.

25 The moulding materials also contain small amounts
of additives, in particular carbon black, and processing
assistants, such as stearates and waxes.

For the preparation of the phenolically curable
epoxy resin transfer moulding materials, the resim and

30 curing ccmponents are as a rule converted to a prereacted
gtate (B stage) at temperatures up te about 120°C, in
particular by kneading in a zoll mill or by extrusiocn,
for example by means of a screw-type kneader, and are
powdered. For processing the transfer moulding materials

35 by the transfer moulding process, the moulding material
pewder is generally pelleted, and if necessary the
pellets are preheated to B0 to 80°C. Coating of the
components is effected in general at mould temperatures



fellers have been used to avoid so-called soft errors in 20 highly

I nptegrated circuits. The high content of silanised quartz filler also
serves for inproving the nechani cal and thermal properties of the epoxy
resi n nmoul di ng materials, in particular for adjusting the coefficient of
expansi on. 25 The moul di ng materikls also contain snall amounts

of additives, articul ar carbon bl ack, and processing assi st ant S,
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W th arcmatic compounds, however, the substitution o©f sguch
epoxy resin moulding materials is being increasingly
required. The reasons for this are that the stated
15 compounds release highly corrosive brominated gases in
the event of faults, i.e. in the event of fire or
spouldering, and form poorly biodegradable brominated
decomposition products which are potemtially highly
toxicologically and ecoclogically dasagercus. In additiom,
20 epoxy resin moulding materials which contain brominated
flameproofing agents are unsuitable for recyclimg 1if it
ig intended to avold a further spread of hazardous
produects. Moreover, the disposal of such epoxy resin
moulding materials by burning can be carried out in
25 future only as special waste by technically complicated
and economically umprofitable imecineration processes,
owing to the increasing reguirements for air pollution
control. & disa@v&ntage cf the use of antimony trioxide
iz the fast that this coumpound is on the list of car-
30 cinogenic bhazardous materials. Although the danger is
negligible in the case o©of permanently bound materials,
antimony trioxide released - in the form of imbalable
dust - during a fire or smoulderimng or in recycling
processes constitutes a high risk.
35 It is the object of the invention te provide a
m@‘@h@d for the prepax&tién of halogen-free moulding
materials based on epoxy resins, which meet the high
reguirements in electromics with regard te flame-
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lr omi ne-cont ai ni ng fl ameproof ing agents and anti nony trioxi de and have
outstandi ng fl ame-retardant properties 10 have proved successful in the

el ectronic industry. Om ng to the poor environnental conpatibility of
the brom nated aromati c conpounds, however, the substitution of such
epoxy-resin noulding materials is being-itcteasingly Tequired. The

reasons for this are th%; t he, stated 15 conpounds rel ease hl&ly ¢corrosive
‘bromi nated gag&$aTgant hepawiony @pdr gl the same time, megk fhefibighe of
snoul deri ng, aednficieMepAey bsi,tm Qéggt&dﬁ@ﬂz@@‘em&g prefiec@ipesahaon
product s mhlc e ntial col ogi cal and ec ically
danger ous. %ﬁ’ﬁd @&g%g m@é %ﬁgg@r%@ﬁ - F‘erﬁéﬁ/ﬁs AN chg%ﬁgﬁal n
brom nat ed mohdlaliewr natiendadgeabsudd chaws enivdrioemka aﬂ&yycbmygtibiet

5 intendeq. t g amd gmlmga&géﬁfgagggwl% anRggover

the di spos I'ng nate urnlng can be
carried out i @%253&@!3&3& ebrbging dpepseedvatt bybgavizanbeatt fréenglycat ed

and econom Ca'ﬂﬁél‘ﬂ&@@i&@@&é%é&ewﬁw%ﬂé&%ﬁ%ﬁ%&v&y owing to the
i ncreasing requirenents for, air _pollution control, A’disadvantage of the

use of antinony trioxi*® i8 @‘%W%@WIQW §ocbhpoLRVeREioR VRAER| | st

of car- 30 ci @mﬁaiﬁé@mugwrg@ém ﬁi&e@ﬁghﬁa@ G 0ebotPanate

negl i gi bl % in the case o% Bﬁ-ﬁmg E bound, r’ertzer e%ngl m)n%%t ri oxi de
rel eased 9 n SEAERAS, PREPAVIRE ABFERE ToRSELVATY fd ?ﬁ'e?aff BrPeW8®F deri ng
or in recyclifprm fraeeasdsldemsidanttening) gthersdllyBSpeolymerishbles t he
obj ect of the ti o r pr

hal ogen-free r%lbgl%\é?ién kddid é’ie%&%é" %f s%%igwxyéé%él n%%ﬁ%%g%eet t he
hi gh mdmivire | afel dbt r arid spalyiunegiedal o gpame- zesinsg,
polyisocyanate resin in a molar ratio of epexy groups to

15. isocyanate groups of > 1 - using substituted imidazole as
a reaction accelerater im a concemtration of 0.5 to 2.5%,
based on polyepoxy resin - at reaction temperatures up to
200°C and if the prepolymeric epoxy resin mixture is
mixed with s pulverulent, f£iller-containing phemol resin

20 =mixture in a molar ratico of epoxy groups to phemolic
hydroxyl groups of 1 : 0.4 to 1 : 1.1, optiomally with
the addition of additives.

In the process according to the inventiom, the
prepolymeric epoxy resin mixture can be prepared in

25 varieus ways. In a first varlant, polyepoxy resin, i.e.
di- and peolyfumctiomal epoxy resins, and polylsocyanate
resin and optionally additives are .heated to temperatures
of up to 100°C in a thermostatable and evacuable mixing
container (as a ng'ﬁar&tie@ and reaction vessel)} which is

30 equipped, for example, with a high-speed stirrer (with
duplex kneading blades) and permits  continuous
temperature measurement, and are mixed with stirring and
devolatilised. PFiller and optiomnally further additives
are iptroduced in portions intec the reaction resin

35 mizture, and devolatiligation is then carried out with
stirring - at temperatures of up to 100°C - for at least
1 h. The reaction accelerator is then metered in and the
reaction resin mixture is devolatilised while stirring.
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requirements with regard to the processing properties and t he noul di ng
materials properties. In addition, these nmoul di ng materials should have
environnmental |y conpatible 5 properties, shoul d be suitable for recycling
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liminary experiments and depends on the molar ratic of
the epoxy and isccyanate groups used. Important criteria
for the termination of the polymerisatiom reaction are
the melting range and the viscosity of the prepolymeric
20 epoxy resin mixture. It is shown by IR spectroscopy that

no further isoccyanate groups are present in the prepoly-
meric epoxy resin mixture.

The prepolymeric epoxy resian mixture which is

obtained in the reaction described abeve, is free of

28 isocyanate groups and has latent reactivity is further-

more powdered, which can be effected by millimg at room

temperature with an impact mill. The pulverulent epoxy

resin mixture is then stored in the abasence of meisture.

In a second variamnt - £er the preparati@n' of a

30 zesin component - polyepoxy resin and polyisocyanate

regin are mixed at temperatures of up to 100°C while

stirring in a thermostatable and evacuable mixing con-

. tainer which is equipped, £for example, with a heliecal

stirrer and permits continuocus temperature measurement in

35 the resin mixture. Filler and opticnally additives are

mixed inte this resin mixture, and devolatilisation is

then carried out with stirring at a temperature of up to

100°C for at least 1 h. In a second mixing container -



are introduced in portions into the reaction resin 35 mxture, and

devol atilisation is then carried out with stirring - at tenperatures of
up to 100[err]C - for at |east 1 h. The reaction accelerator is then
retered in and the. reaction resin mxture is devolatilised while
stirring. The terrperatureeof6 the m xing container is then

adj ust ed tg 160 _ to 180[err]C. The reactlon to give the prepol yrrerlc
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groups are prammdea t lEx piepabyantageeasc idR0xin r eBen edtxiadee, the
ratic of the screw length to the cuter screw diameter is
20 to 50 and preferably 25 teo 40. In addition, the
. extruder is preferably designed sc that the melt resi-
15 dence time at screw speeds of > 10 min! is less than 5
min, preferably less than 3 min, and minimum axial back-
£low results.
The extruder to which amounts of resin of 20 to
200 g/min are comtinuously fed contains conveying screw
20 elements (screw diameter, for example, 31.8 mm, screw
length 880 mm) and is equipped with five thermostatable
barrel zones which are heated, for example, to 160 to
180°C; the screw speed is 15 to 30 min~*., This gives a
residence time in the reactor of less than 3 min for the
25 conversion ©of the reaction resinm mixture into the pre-
polymeric epoxy resin mixture. The extrudate emerging
from the slot die is guided along a cooled glide rail and
rapidly coocled to temperatures below 50°C, the epoxy
resin mixture solidifying to tape-like continucus strips.
30 These strips are drawn on & take-o0ff belt under a
counter-reller and thus coarsely cocmminuted. The precom-
minuted product is milled to the desired particle size in
an impact mill. The £ree-flowing, prepolymeric epoxy
resin mixture which is prepared in this manner, has a
35 leng shelf life, is scluble or caz be melted and has
latent reactivity is stored in the absence of meisture.
In a third variant, the preparation of the resin
component is carried out as in the second case. For the



The prepolyneric epoxy resin mxture which is °~ obtained in the reaction
descri bed above, is free of 25 isocyanate groups and has |atent reactivity

is further- nore powdered, which can be effected by mlling at room
tenperature with an inpact mll. The puI ver ul ent epoxy resin mxture is
then stored in the absence of noisture.= 7 = In a second variant -

for the preparation of a 30 resin corrponent - pol yepoxy resin and
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variant 2.
In a fourth variant, a free-flowing, insoluble
. reaction resin powder whiech has a long shelf life and is
15 free of isocyanate groups is first prepared. This reac-
tien resin powder is ther converted inte the prepeolymeric
epoxy resin mixture with the aid of a continucus reactor.
For the preparatiocn of the reaction resin powder, an
accelerator-containing reaction resin mixture is prepared
20 in s mixing container as inm the first case. The tempera-
ture of the mixing container is then adjusted to 160 to
180°C. The comnversion of the reaction resiz mixture into
the insoluble reaction resin powder £ree of isocyanate
groups 18 carried ocut, as a rule, at reaction tempera-
28 tures of 130°C or higher, in the course of a few minutes,
a free-flowing product being formed im the mixing
container as a result of stirring. To terminate the
reactien, the temperature of the mixing container is
rapidly reduced by means of a cocling thermostat, and the
30 reaction resin powder is brought to temperatures of 50°C
while stirring. The intended conversiom of the epoxy
groups at the time of termination of the reactiocn was
determined in preliminary experiments. It is shown by IR
spectroscopy that mno further isccyanate groups are
35 present im the reaction resin powder. The insoluble
reaction resin powder obtaived iz this Danner and free of
isceyanate groups can be stored over a relatively long
time, depending on regquirements, and then converted inte



rati o of the screw length to the outer screw dianmeter is 20 to 50 and

preferably 25 to 40. In addition, the extruder is preferably designed
sb that the nelt resi- 15 dence tinme at screw speeds of > 10 mn[err] is
less than 5 mn, preferably less than 3 mn, and m ni mum axial back-
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phenel resin, and the mixture 1is deveolatilised while
stirring. Thereafter, the phenol resin mixture is cooled
te room temperature, milled with anm dimpact mill and

15 stored at room temperature in the absence of moisture.

For the preparation of the flame-retardant, free-
flowing, phenoclically curable epoxy resin moulding
material having latent zreactivity, the pulverulemt
prepolymeric epoxy resin mixture and the pulverulent

20 phenol resin mnixture are mixed in a molar ratio of
phanolic hydroxyl groups to epoxy groups of 0.4 toe 1.1;
preferably, the molar ratic is 0.6 te 1.0. If mecessary,
this may be effected with the addition of additives. For
@xmplé, a frustun mixer having a helical stirrer cam be

25 used for mixing of the compeonents, which is ecarried ocut
at room temperature. The mixing of the components can
advantageocusly alse be carried out in & twin-screw
extruder which -~ as described above - has conveying
kneading elements im addition to conveying screw

30 elements, for example at temperatures of 90 to 95°C. The
extrudate is then coscled and powdered. The free-£flowing
epoxy resin moulding material obtained in the manner
described i stored at room temperature im the absence of
meisture.

38 The coating of electronic ecocmponents with the
epoxy resin moulding material according te the inventiom
is carried ocut, as & rule, as follows. The free-flowing
epoxy resin moulding materisl is pelletised at room



#preparation of the accel erator conponent, the reaction accelerator is

thoroughly m xed with a portion of the filler intended for the

formul ati on. The two conponents are then nmetered into a twi n-screw
extruder, for exanple 5 by neans of a peristaltic punp or a tw n-screw
powder nmet eri ng appar at us. In contras® to the second vari ant, her e
the screws in the mxin zon t he extruder, Wmci% I s adjacent to the
feed zone, ar E*PPETPERTCN Pﬂ* elj@egg S ReRFes &t kTP ures

t enper at ur ef | Bft e Ntxi DOO20NBY & mgw%f@@iwéyrhé%iﬁgemémsbemm |
structure of t Xtr er th e proce e .t 1 Qns, COrL on
substantially @%ggr‘m@% g%ﬁ?g%ents are coa %Sﬁm'ghf g%?t%#ﬁq WI’%}%Q

free-flow ng, matesliabl eby theadiamefessi mopdddeg wprodaa&ms =t | ewegplsihel f
life and ig 1 ogya €. gr Sel | Wiy, HRAC-
tion resi ngpoéﬁ%gga%{;ﬁe% %%ngzét%% ?%? c %ﬂé é?p %grre ric é%ox?%r esin
m xture with bas,apadothe mim@@e@'ﬁ%r&s th@np@gze@@%r%mlﬁ af

the reaction ggsi gopewdany Thgx%(ﬁa%r altie CRRMRINUNIG @eAC IHeRveRSi N
m xture is pre ared_ 20 ip.a mxi ng% iner as in the first case. The

t enper a- tare Ebe; meuiixPAg B Y ROF e ffe Fhi% co5bing
180[err] C. Thesceaxeistiobuef atheehpasst@bes ofp Ntd 2GOAE. iaY an altehe

out . s a+Pur BetaPer B8 PERePERHeh Ead o PRPLENG: oy AR e ReBRe i

t he course of haaténgm'mm, the a pulsexiillentngeporyuctediol neguohaddimgy i N t he
m xi ng 7@ ¢ i % r¥in te,t
reaction, the g%%gr&at %rg% 0 ?%1 cﬁéna %%ngapégrgggégkgg gt Q%F?%rr &duced by

means of a cobBFRE eheb@PoFeatt038d t% Frodusidonow éf@&t Mﬁ@lﬂ@ br ought

to tenperaturggoRf aé%ﬁéék@ and Wb, SEbE M ddtrn iR SFOMSRAA.-ON Of
t he epoxy groups at .the tinme of term nation of _.the_reaction was

det er m ned®i n %ge@ﬁ’gﬁ'éﬁ’} BEFREENEREs OF) (thes RheSRl iGp1IAR curefe @PERYcopy
that no furthgesisoasiddiag s 856 albesHirried Nsut eagiedn thResi n
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coating of components.
A reaction resizn mixture of polyepoxy resin and
20 pelyisceyanate vesin is used in the process according to
the invention, the polyepoxy resin being a mixture of di-
and pelyfuncticaal epoxy resins. The molar ratioc of poly-
functional to difuncticmal epoxy resin is 0.1 to 1.7 and
preferably 0.2 to 0.75, based on the epoxy groups. The
25 molar ratioc of the epoxy groups to the lsoccyanate groups
{(in the reaction resin mixzture) is > 1 and preferably 1.5
te 4.0.
In the process acecording to the iavention,
suitable epoxy resins, which are part of the polyepoxy
30 resin mixtur@,.are preferably bisphenol A and bisphenol
¥ epoxy resins as well as phencl moveolaec and cresol
novolac epoxy resins or silicomne epoxy vesins, tri-
glyeidyl iseceyanurate, tetraglyecidyldiaminodiphenyl-
methane and polyglycidylphosphorus resins. In particular,
35 compounds bhaving the £ollowing structure serve as
silicone epoxy resins:



-

£ime, depending on requirenents, and then converted into - 8-

the prepolyneric epoxy resin mxture in a continuous react or under
tonditions conparable to those in-the second case. In the
fprocess according to the invention, the 5 prepolyneric epoxy resin mxture
I's cured with a filler-containing pul&erul ent phenol resin mxture. For
the preparation of this phenol resin mxture, for exanpl e, the m xing
cont ai ner descrjibed gbove is suitable. A phenol resin or a m xture of
phenol resins i 10 lted and is heated to tenperature§ of upgto 160[err]C
whi | e stirr{ng. The filler is then mxed in portionsf into &hg/@

phenol resi nG-ahd—te N-X{CHS ,i~S iR OdISaR.I0)s &d i(lce g
Thereafter, the ph%nol esig ﬁixtf&é S goolnedngh tg)? onlt%npewaturé,
mlled with an | mpaty, | and 15 stored at room tenper &t ur kn/FQ§ absence
of noisture. 0 y - Bor the preparation of the fla -r@tar&ant@ free-

fl ow ng, phenolhcallﬁ cur abl e epoxy resin noul di ng terialy havi ng

| atent reactivity, the pul verul ent prepol yneric epoXy resin m xture and
t he pul verulent 20 phenol _resin mxture _are mxed in a nolar ratio of
phenol i ¢ hydrék§Fe gkbapsol bowppgyig  aapiieabbey to 1. 1; preferably, the
molar ratio is fgbahoidelgetl £PEBEESEAHY25, this may be effected with the
addition of addjtives, gor exangleé frustum m xer having a helical
stirrer can b® a9 A= PEP* nfRPRGY oFCthe conponents, which is carried out

at room tenprrat uskkyThermaxyhgand t he conponents can
5 Q= -(CE,);8iR,0(8iR,0) BiR,R’,
in which n and R have the abovementioned meaning and

R’ is an epoxy functiomal radical having 6 ecarbon
atoms.
The content of silicone epoxy resin is up to 20%,
10 preferably 1 to 7%, based in each case cn the filler-free
resction resim mixture é@mgrising pelyepoxy and poly-
isocyanate resin.
Isomer mnixtures of diiseccyanatodiphenylmethane
are preferably used as the polyisocyanate resin. However,
15 £or example, isomer mixtures of toluyleme diisocyanate
and prepolymers of isomer mixtures of diisocyanato-
diphenylmethane are also suitable. Mixtures of the stated
pelyisocyvanate resins may also be used.
Substituted imidazoles are used as reaction
20 accelerators in the process according to the inmvention.
2-Ethyl-4-methylimidazocle, 2-phenylimidazocle and 1-cyvano-
ethyl-2-phenylimidazole are preferably used. Further
suitable reaction accelerators are, Ffor example, 1,2-
dimethylimidazole, l-cyancethyl-2-methylimidazecle,
25 2-isopropylimidazole and l-benzyl-2-phenylimidazole. The
content of reaction accelerator is 0.5 to 2.5%, prefer-
ably 1.0 to 1.8%, based on pelyepoxy resin, i.e. on the
mixture of the di- and polyfuncticmal epoxy resins.
In particular, phenol and cresol movelac resins,
3¢ individually or as mixtures, are suitable as a pheancl
regin. The phenol resin mixtures ecan alse contain



;advant ageously also be carried out in a tw n-screw extruder which - as
descri bed above - has conveyi ng kneading elenents in addition to
conveying screw 30 elenments, for exanple at tenperatures of 90 to
95[err] C. The extrudate is then cooled and powdered. The free-flow ng
epoxy resin noul ding material obtained i¥tthe manner described is stored
at roon1tenperatur§ﬁ%n t he _.absence of noi sture. , The coati ng

35

of el ectroni CPEERPOMRRATR ®Ft P B¢ ZREIPE A, RbLICRRY simstomess
accordi ng to {&ilicomeinodified sphensol etegiths) asr acad! Be ﬁ%x&@bh@W®f The
free-flow n | | eri |s pelletised at room
-9- te?m%hr%%%g)é%leéa%%é [%{%3%3?‘11’5 s'{g; emﬁ%ézﬁse"d to tenperatures of up
to 100[err]C by a hi giuiraklenciibberenganeanis Therticubhect mdneecal
conponent sgar g3 £pated widd Lheqheated;goutdi Rorg @f”ﬁ%g%{mggr yahaggy ansf er

1/0 to a

moul di ng process at nould 5 _fenperatures o ) err| C an _
pressure of 78PReTdeml parhipleg,ddifs enemtdinny Hatle | alze sdinsmibured in
t he nmoul d tiod) fOpkasd2lbly haciedf l£rpatbfeltONPLEENLE & 166N

[{omthe moul gt L ALl Y RORL GV L, s SO o L2 LT o0 o
preheating byfilbhegh- andqudmmral fiﬁ&éimgmayaaisotP@r@%ﬂf%rﬁgﬁb?gaoé¥a_
fures of 1 TELrbBrer R e Whelf SETBR ot sl Anaie sl Bty P o
sheets and rods, for Theratines fionk wsanilonkedpréparandonnasdi mbuld
properties Ofywidle phepRt SALLYakihiélaBBOKY iwmprove the mould release
properties, small amounts of additives may be added to
the epoxy resin moulding material. Glyceryl monostearate
15 which can be chemically incorporated and waxes, such as
carnauba wax, mlicronised polyethylene, polyamide amnd
polytetraflucroethylene are preferably suitable for this
puzrpese. The additives are added to 'the reaction resin
mixture comprising polyepoxy resin and polyisoccyanate
40 =zesin (in the preparation of the prepolymeric epoxy resin
mixture) and/or to the phenocl resin mixture or - as in
the case of micronised thermoplastics - are admixed
during mixing of the prepolymeric epoxy resin mixture
with the phenol resin mixture. Spherical gquartz fillers
25 may alsec serve for reducing wear.

A process for the preparation of £lame-retardant
epoxy resin moulding materials accerding to the imvention
bag not been described to date. However, it is koowa that
moulding materials comprising polyepoxy resmins and poly-

30 isccyanate resins can be cured using reactiom accelera-
tors. For this purpose, the moulding materials are mixed
in a roll mill, for example at temperatures of 80°C, and
cured at temperatures up to 180°C directly te give
moulding materials (cf.: Japanese Published Application

35 50-059499 and Japanese Published Application 51-128400).

Furthermore, thermally self-curing casting resin
mixtures comprising polyepoxy resins and polyisccvanate
resings are known (cf.: European Patent specification



»resin nmoulding material is also carried out under the sanme tenperature

.and noul ding conditions as for the coating of components. A
“reaction resin mxture of polyepoxy resin and 20 polyisocyanate resin is
used in the process according to the_invention, the polyepoxy resin

‘being a m xture of di- and pol yfunc?'?onal epoxy resins. The nolar ratio

of poly- t t,0 _di functi ,|n|so 7 .and
preferably O 2&% 383 ga?ﬁggﬁapn%n%ﬁ% %ﬁ%‘fﬁ;@ §1 ]r"% %’Sqr)a't i o of
the epoxy grHepe tmé.he theocgdmatiss gteupsreparé¢i rtieheceneadt iz@ruldizign
mxture) is g %@ggglpr §é8€i§ 1f§a?ab?e e re@aet;.@n Z’@B ocess

I
accordi ng to fhe |nven pOX vﬁ'n cﬁﬂ“are part of
t he pol yepox?@%rlségﬁnpﬁixgsﬁw aesiprandrad ylﬁbgmm yesinl. bi sphenol

F epoxy rgsins as wekh ggePhengt GRNE! puAOSefl Wolent HANAACRAYEY Tesins

or silicone epoxghrem ns, tri- gl yci dyl | socyanur at'e,
tetragl yci dyPdf-&Rv ABd} ph@ny?g'gegs%lﬁﬁﬁ‘n@%@5@??@@?%‘?%y95h@ﬁi&ﬂ&% resins.

In particul agatéialRNEe dinsdlMAl cofifonéots OSkBE xepEULYUrisgy Ve as
silicone epoxgar@%iiﬁq resing which can be processed by a method 10-

analogous to inmjectien moulding, liguid mixtures (having
10 a viscosity of up te 7,000 mPa.s at 25°C) of essentially
oxazolidinone-free polyepoxides and of polyisceyanates
(EP-IC resins) - in a batch molar ratio of epoxy groups
te isccyanate groups of 1 te 5 - are cresslinked by means
. of tertiary amines or imidaxoles as curing catalysts at
15 gelling temperatures of > 130 to 150°C under a pressure
of between 1 and 10 bar and are post-cured at tempera-
tures of 150 to 200°C (with formatiom of reaction resin
moulding materials containing ocxazolidinone and isocyan-~
urate rings, so-called OX/ICR moulding materials), the
20 reactlion conditions being chesen so that more tham 50% of
the epoxy and isccyanate groups are converted amd that
the molar ratioco of the oxazclidinone amnd isocyanurate
rzings (OX : ICR) in the moulding material is more tham 1.
In the second case (European Patent specification
25 0,130,454), a process for the preparation of reactiom
resin moulding materials (0X/ICR moulding materials)
containing oxazolidinone {OX] and isocyanurate rings
{(ICR), in which mixtures of essentially OX-free poly-
epoxides and of polyisoccyanates (EP/IC resins) are gelled
30  in the presence of a curing eaté.lyst at temperatures of
up to 130°C and then post-cured until more than 90% of
the epexy and isccyanate groups sre converted, solvent-
free, liguid mixtures of polyepoxides and polyisocyanates
{having a visecosity of up te 7,000 mPa.s at 25°C) are
35 used inm a batch molar ratio of epoxy groups to isocyanate
groups 6£ 1 to 5, tertiary amines or imidazoles are used
ae catalysts and the reaction conditions are chosen so
that the molar ratic of oxazolldinone and isecyanurate



ferr] where the following is applicable: nis an integer fromO

to 25, X is an integer from 0 to 3, R = alkyl or aryl and 5 Q
= -(CHerr]SiRerr]QSiRerr]O[err](SiRerr]R, in which n and R
‘have the abovenenti oned neaning and R is an epoxy functional
radical having 6 carbon atons.- 13 - The content of silicone

epoxy resin is,up tqg 20% preferably 1 to 7% based_in each case on t he
filler-free m’?%ﬁcﬁpgn réqum 3t Hee éBH%ég?gnﬁ‘aﬁﬁF%@%o%@ HFeag, 1

| socyanate reand. 5.7, 1. g. igl somer m xtures of diisocyanat odi-phenyl net hane
are preferably used a gl yi socyana re However, .15 f [ ¢ xarrpl e,

i somer mi xtures of %F %5%52 P SOC a%%f%‘i E@aﬁ%@p% SRAFHERS ‘%f %E

m xt ures of d'ﬁtsmcyheapm@egsgb plesrryat dhetdh andasvar @ea;lhsmnst:heamim aMxitrures of
the stat Edg Imgaéﬁ%%éﬁ%tefheﬁé Mmfééoeéﬂg WREBntion is. to mot

Substitute ol es are uséd as reaction 2 accelerators®i nt R process
accordi ng t o PRePRAgertred. mouldingrmaferials futhpdericlamsinic Bpoxy

- phenyl i ni dazphg; ANd mhxteaR0- whic NVdax- PBENY bisTkdazo! @adle® PIAf&LAD! Y
used. Further gw_abl e reaction aqﬁg erators are, tor exanple, _1,2-

di et hyl i ni daZBPEEIVIEY. PEROEPROF. ¥ @%@ﬁ’ildf?@i@ miztures - with
2-i sopropyl i rrsﬂa@@hg By O:He tt&lsmf& plakil\ding ¢asek8s JhEe givd® HiRide-Of

poryepory T ostREaroRaty pduldide” mkot pag ool Bd B o o0

resins. hal@g%nﬁcpata&n@hgr £himeptoafithg r cspdntwy clel reasti dzsyny8 0
individual |y pLgg8:8bXlULGSat Sﬁt}%@ %28 81 BR8N Yo isthERl rathilfy
phenol resin mxtures can conta

demanded by the alectr@n:;cg industry at a layer thickness

of 1.6 =m.
is WO 90/15088 discloses that epoxy-terminated pely-
oxagzolidinones {referred te there simply as
polyoxazolidones) can be prepared by reacting a polyepoxy
compound with a polyisocysnate compound at elevated
temperature in the presemnce of a catalyst. For this
20 purpose, 5 to 30% by weight of the polyisocyanate com-
pound are added in the course of 30 to 90 min ke a
mixture of 70 to 95% by weight of the polyepoxy compound
and 0.01 te 2% by weight of the catalyst, and the reac-
tion mixture obtained is then heated to a temperature of
25 110 to 200°C for the durationm of 5 to 180 min. By regula-
tion of various process parameters, the process is
carried out in such a way that, im the resulting epoxy-
terminated polyoxazolidinone, which is alsc referred to
as isocyanate-modified epoxy resin, 50 to 100% of the
30 origimnal isccyanate groups are converted inte ocxazolidian-
one rings and 0 te 50% into isocyanurate rings. .
The polyepoxy compound used in the known process
is preferably bisphencl A or tetrabromcbisphencl A, and
the polyisocyanate compound is 4,4’ -methylenebis(phenyl
35 disocecyanate) (MDI) or an isomer thereof, pelymeric MDI ox
toluylene diisocyanate. A sultable catalyst (for the
reaction ©f polyepoxy compound and the pelyisocyanate
compound) is especially am imidazocle compound or tetra-



~11- prepol ynmers of novol ac resins and silicone el astoners

(silicone-nodified phenol resins) or can be m xtures of phenol resins
and phosphi ne oxi des. . Suitable fillers are in particular
-mneral 5 fillers, such as quartz in the formof splinters and/or
spherical particles (different particle it ze distribu- tion),
preferably having a particle size of errgm 100 [err]m Ceramc fillers,
such as al uni RReB¥AabpprRbgRéYRoPreBides cthe catdluats anneantratdion 8 ers

may al so be U@%@i@E&B&?U% 59 oo |i$r§y WHEHhes $HOphriliaagtaki R1.G3 @ye also
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A similar procedure is adopted in a process,
disclosed in EP 0 296 450 Al, for the preparation of oli-
gemerie pelyepoxides containing oxazolidinome groups
{referred to there in simplified form as oxazclidone
groups) £rem bisepoxides and diisocyanates. In this
process - at 140 to 180°C in the presence of a phos-
phonium salt as a catalyst - either bisepoxyethers haviang
CH groups corresponding to an CH number of at least 2 are
reacted with aromatic dilsocyanates which have two NCO
groups of different reactivities in an amcunt of at least
1/4 of the weight of the diisocyanate, or bisepoxyesters
having OH groups corresponding to an OE number of at
least 2 are <zeacted with aromatic, aliphatic or
cycloaliphatic diisocyanates in a ratioc of NCO groups to
epoxy groups ©f£ 1 : 1.4 to 1 : 2.5. The catalyst is used
iz an amount of 0.005 to 1.0% by weight, preferably 0.01
to 0.5% by weight, based om bisepeoxide.

The essential feature of this process is that the
@xazalldlnane epoxy resins are @bt;az.nad only when epoxy
resins containing OH groups are reacted together with
diisecyanates containing NCO groups cf different reac-
tivities - under catalysis by phosphonium salts - at
about 160°C. For the preparaticn of the p@lyep@xiées, the
bisepoxy resin is heated together with the catalyst under
nitrogen te 160°C. The diisocyanate ig then added drop-
wise to the melt at a rate suchk that a temperature of
about 170°C is maintained. After the addition of the

Erepolynerlc
esparaturer ©fHrillaga n

the case of nzepepi,sete thepEPLESHECSES- thgﬁrm@gag@ to tH¥HdadiloH ng of
resin_mxture ﬂé, enoI resin mxture.

e SpRPREbTe  SHAd RARH o Shaze, o¥

¥ de and

A



e

L£epoxy resin noulding materials according to the invention has not been

described to date. However, it is known that nmoul di ng naterials

conpri sing pol yepoxy resins and poly- 30 isocyanate resins can be cured
.using reaction accel era- tors. For this purpose, the noulding materials
are m xed inaroll mll, for exapl¥ at tenperatures of 80[err]C, and
cured at tenperatures u to 180 [err]C directly to give \ nnélding
materi al s (cftetahpapeys Pﬁ@HQQﬁﬁPQQﬁﬂﬁqﬁﬂi%ﬁ%%%%ngi-%5§9§§Lﬁﬁﬁ J&Fanese

PUH i shed Applégsetigiedl tikd4@dQeulated epoxidbuvhbes m&bééﬂﬁur@kzhﬁdd
sel f-curing casting resin __:nixtures_conprisjn epoxy resins an
pol yi socyanat %ﬁé rg%@??’@e NP khdvire ?gx‘gggg %Jf%%%%]&%’at ent specification

-12- 0, 129, 787 arite Mrrayperat ftm descypibed ioathertwy pedlissations Here
too, the aimis to prepa u lgNGh ' ke Gk from
the' roact FormarbErReSPipE, batx ?%g%‘%???.gﬁf’%?y@é‘%%%%%?%%q?5‘”‘ be

pol yi socyanat pelpepexidss |gpntadgingt cxagelidipspeartmaunin S&deEscati on

0,129, 787), asphacRescEPly N taRAkaldcdksO0hebBYlidhilto thebRiendlitnf OF
i nsul at ed conponents fromrapidly curin reaction resins which can be

processed by @ﬁeﬁ%@gﬁpa%%afsatQrgﬁf’%@%ﬁ“n‘&?ﬁ P84 FAEE TSt ur es
(having 10 apybsegSih¥ent YPab@iviB9) BBabs ial the prokeiiusk Essenhieal |y

Oxazol| i ppne-LLSE Rl KON dos Sdh bl PELI SERBIRED roncyli: LOgies 15)
- are crosslinketuby feemprisingf ppidyepany aweiss end palylscsyasateuring
gfgg'sﬁftes at 13,388} | 0% AP U&SpdhicidB0ok0 dmdl f6abEi RS eeAn
mixture. Thus, in the prier art, - as disclosed in
particular in the Examples, low catalyst concentrations
15 are used, namely 0.01 to 0.35% (WO 90/15088) or 0.1%
(EP 0 256 450 Al), based in each case on polyepoxide. For
the preparation of the reactive, curable prepolymeric
epexy resin mixture, however, substantially higher
amounts of catalyst are reguired. In the process accord-
20 ing te the invention, the catalyst concenmtration is
therefore 0.5 to 2.5%, preferably 1.0 to 1.8%, based on
the mixture of the di- and polyfunctional epoxy resins.
These high catalyst concentratiocns are reguired so that
the prepolymeric epoxy resin mixture having Ilatent
25 reactivity can be cured im an industrially relevant time
without subsecuent acceleratien - which is expemsive in
the case of filler-containing systems.
However, the use of such large amounts of cata-
lysts im possible oanly if the process accordimg to the
30 inventien is used, a complete reaction resin mixture
comprising a mixture of di- and pelyfuncticnal epoxy
resins, polyisocyanate resin and filler being prepared
using imidazoles of the stated art at temperatures of up
te 100°C and the prepolymeric epoxy resin mixture having
35 latemt reactivity being prepared with this mixture at
reactiem temperatures up to 200°C. However, it has been
found that, at such a high catalyst concentratiem, it is
impossible te heat the epoxy resin mixture acesrding teo



Of between 1 and 10 bar and are post-cured at tenpera- tures of 150 to
200[err]C (with formation of reaction resin nmoul di ng nmaterials

cont ai ni ng oxazol i di none and isocyan- urate rings, so-called OXICR
-noul ding materials), the 20 reaction c gditions bei ng chosen so that nore
t han. 90% of t he epoxy and isocyané’ttg groups are converted and t hat

the nmolar ratio of th .oxazol j di none d | CR
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terrperatures nd then post-cured until nore than 90%
of t he e@%@@rﬂﬁxcﬁ@iﬁa ig%eS%ps are converted, sol vent- free,
l'iquid mxtures of p%e,epeas §§1ﬁﬂﬁnp@£¥|mymbeian regiayi agxurescosity

of upto?OOOrrPasatZ are35 ajjo of
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5.7, i.e. is &a.ﬁml@sed in the Emzr:)r%%%séwﬁc%@iw@t%rt% ® ne2hit ﬁ%ﬂ

differs fOM RS PrOLaSSeSuse s CELPSE, 2bRYCrBRbbiLR +Bpiai @i adren
according to the invention are mixtures which have a high
filiex content and, owing to their bhigh viscosity, are as

15 a mlé golid at room temperature and for the preparation
and handling of which conditions which differ from those

for reaction resin mixtures without filler are required.
Secondly, mixtures of di- and galyfméticaal epoxy
resins, for example of bisphemcl A epoxy resins with

20 tetrafunctional epoxy resins, such as tetraglycidyl-
diaminodiphenylmethane and silicome epoxy resins, are
used for the preparation of these reaction resin mixtures

having a high filler content. Bowever, such mixtures are

not known from the prior art. In addition, neither the
25 particularly suitable reaction accelerator l-cyamnoethyl-

2-phenylimidazole mor the silicome epoxy resins - which

were important for the processing properties - and tetra-

glycidyldiaminodiphenylmethane - which is particularly

suitable for imcreasing the glass tramsition temperature
30 - are mentiomed there.

It was completely surprising and also unforesee-
able for a persomn skilled ir the art that, in the process
accerding to the invention £er the preparation of the
prepolymeric epoxy resin mixture, the use of poly-

35 functicmal epoxy resins, such as tetraglycidyldismineo-
diphenylmethane and the stated silicome epoxy resins, and
the use of high accelerator concentrations de net lead to
csuring, i.e. chemiecal erosslinking, of the reaction resin



5 the procedure. This is because the intention is to not prepare cured
houl ding materials but prepolyneric epoxy resin m xtures which can be
mel ted, have | atent reactivity, are cured wi.th phenol resin m xtures -
W th shapi ng by the transfer nDuIdlng process to give flame- 10
retardant noul ding materials and - mntha t“the use of hal ogen-

e, - nmeet the UL 94

containing f 1 of ent s ant i
V-0 fl ane reéﬁ’ gn%% %gﬁ?%%Slng é% é%ﬁ@%y %ﬁﬁneﬁﬁﬁrg) YASPGHRRITS at a
| ayer thicknessin - @gfven G@btnmeddtion tempd@«i0irEm08p dics AOBHS 4 skt

epoxy ter m nabed oael % rﬁgéiigé%ig'§§8§§bre§£§f§£&%are %@lg &l o SiMly

pol yoxazol i one prepa y reacting a pory
corrpound wi ti92ga sheilf dd€panise sodubpouny aenchevmekied, ha@rﬁmmﬂure in

the presence ;Qfacticaly! yaiw. FOdn t BeS JRrPUrPOSE@ 1y Rx30% bY WBLoht, of the
pol yi socyanate com %d are added n_the cqurse of 30 to 90 mn to a

m xture of 76L& BEabilophs &ﬁl?@ﬁé%?ﬁ enpound and 0.01 to 2%
by wei ght of the cataky&&asaaﬂabheiéﬁﬁ@ thaﬁtﬁéﬁhnkﬁkur P Bjesid s then

heated to a tenperature of, 25 110 00[err g the du tion of 5to
180 nin. By SPERY £85-R Rixhure;ay r| P%Fﬁ]? Var?é‘tr © (#ROPBF ocess
i's carri edsdnt mpuldihga maperial, prephaecedestihbhérargi©SpPoave an

t t | [ fer
| ocyanats. honPagaby (005 IRt SAUBRASL 1866 rondBivitrr anare
groups are cgﬁF‘@h@é@@?ﬁ‘&oaéxﬁiM@# rahown syhsequeyslynled. tmé)nto

ISOCyanuratethle Shave a goBa gﬂﬂ@ozzféomgndggﬁ@é%haé %ﬁnowﬂ
process Z:’gpgferabl glsghenol r. tetrabronobis nol A, an t he

pol yi socyanalfg A5otRd P ®_ RRSRA i pﬁ@ﬁ?@l?ﬁ TRYEY arraia (VD)
or an Isorrermibﬁetﬂ&ag W&Eﬁﬁlﬁ MR oy fegﬁ%&@gﬁngosségaéag@%%@ﬁ

sui tabl e gat g r the ction af po oxy .conpound an e
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tetra-
regard tc the intended use via the concentration - and

also via the type - ©f the reaction gecele?&tor {in the

reaction resin mixture comprising polyepcxy and poly-

isoccyanate resin) without the shelf life being limited as

20 & result is also particulazrly advantageocus (ef. in this

respect also Table 5). No expensive subseguent accelera-

tion is therefore required for imecreasing the reactivity

of the epoxy resin moulding material. The formulatiom of

the phenoclically curable epexy resin moulding material,

25 which formulation possesses latent veactivity, can

additionally be varied via the molar ratie of the

phenolic hydroxyl groups to the epoxy groups (cf. Table
6) . :

A further way of adjusting the reactivity of the

30 phemolically curable epoxy resin moulding material is to

' use, as a curing component, a phensl resin mixture

containing a reaction accelerator. This makes it possible

to prepare a very rapidly curing epoxy resim moulding

materiasl without the shelf life being adversely affected

35 as a result. A substituted imidazole, suck as

l-eyancethyl-2-phenylimidazole and 2-phenylimidazole oxr

triphenylphosphine preferably serves as such a reactien

accelerator. The content of the reacticn sccelerator in



= 14 - phenyl phosphoni um brom de; the catal yst concentration is

preferably 0.02 to 1% by weight, in particular 0. 02 to 0. 1% by

wei ght, based on the total weight of pol yepoxy conmpound and

pol yi socyanate compound. 5 For the preparation of the

pol yoxazol i di nones, the catal yst, opthforfal |y dissolved in a suitable

| vent i.s added t.o the pol, oXy ,CO und, . i_n_general at_a
tsgrrperature _betr %%f&%%ﬁqﬁ’é’%ﬁﬁ gp%f 816 -Po%: ?rﬁgﬁF@#’}}fC@"?he-
tenperature istd Herg iscrimamsll dro tthe pleandl oreslih. tenperature and kept
Lher Whll e the Dol Yl SA5 4Pban2 SEPPRUY, uiodlEL 1 o0} ghlgE

manner, i.e. dropw se. e .
process, dikaf dhedmoplipngs2psodited| frénrthd epgmapxeatinoncoldbhg-
gomeri ¢ poly engitl o 10 oRlRlzRl: %aéﬂéii’&w?%'&{% A theChehkElslQ there
in sinplif igled orm as oxazolg'i one groups from%%sepgx%%es gnd

di i socyanat es.caffon [fi-@ at apiayezsthickneap ab = Jolfemm.CopAd Abagsésence

of a phos- £ di ekl @é%i%éﬁai)ysﬁhe Sl dtolicL RAEMBLERY", STRANI NY

OH groups correspondi ng to an nunber of at . | east é are 20 reacted with
aromatic diis =% %%’%‘%‘*@5? vEPRED resiy Bopldirgs; Preduned oo
reactivities ithenbastentodf cateslbdastovolad/ 4epeityt heesthghtane dpha:ml y
di i socyanat.e, hi se e Vj\n groups, correspondipng.to an o
nurrberyof @_gﬁ I’%gzltﬂegsasltqg"ég é%%%égr eaﬁ%"cﬁ) \?\na%gé %?%%%%xﬁnfg ephg?‘?%eror 25
cycl oal i phat | Gwinsmciandie same r eohoentraltidyr ampsthe ep@:ﬂpoggsgnoups
of 1 : 1.4 to 7 e ly. | d ' ig%%ggo . to
1. 0% by wei ghtﬂfgup;lr%‘né%r aéigggg%% .ééc?%d%gé%tﬁy %lagﬂ%hf ased ofﬁiobizgggoxi de.
The essenti al F&ukaKa BRY: ekapsbiiaation  pecopddngy bxaB % Nofe 8boxy
resins are obtiigegh ONhye¥N&hitil@dks without the use of brominated

15 flameproofing agents and antimony trioxide, and instead

the test specimens undergo complete combustion.

The use of silicone epoxy resins proves to be
particularly advantagecus in the process according to the
invention, both for the preparation and processing of the

20 phenclically curable epoxy resin moulding material and
for the properties of the moulding. Thus, in the prepara-
tion o©of the prepolymeric epoxy resin mixture, gentle
milliing during pulverisation is made possible and, im the
processing of the epoxy resin moulding material, the flew

25 behaviour during shaping and the mould release properties
of the coated electronic components are improved. For
example, the spiral £flow length, which is a measure of
the flowability of transfer moulding materials under
pressure and at high temperature, is substantially

30 improved and increased by up to 20 % by the use of the
silicone epoxy resins. Furthermore, the adhesive proper-
ties ©of the phenclically curable epoxy resim moulding
material can be adapted to differemt substrates via the
chemical compositicn and the content of the silicone

35 epoxy resims. This is particularly important for the

| adhesion to the leadframes of the electromic components,
which leadframes are composed of alloys. In the
flammability test of the epoxy resin mouldings according



resins containing OH groups are reacted together with di i socyanat es
cont ai ni ng NCO groups of different reac- tivities - under catalysis by
phosphoni um salts - at about 160[err]C. For the preparation of the

pol yepoxi des, the 35 bisepoxy resin is heated together with the catal yst
under nitrogen to 160[err]C. The diis@®yanate is then.added drop-

wise tothe nelt at a rate such that a tenperature of cfbout 170 églr)r]c
i s maj nt ai ned.tnTlers4 nelhdlipt £oHREr thA¢ even small added ameupty unt

of diisocyanatgsiiddd i NgpbsiyContdaliied Akprovab0[id | CElakelréberdaheul at ed
epoxi de val ue has been reached and reactive NCOis no |onger detectable.
The preparati FERAS @ ed in the two publications 5 mentioned, of
epoxy-term nated pol yagmagt i cesonesovidbhigs whdiehemme des kensuibahje
oxazol i di ngne grou i I f _ f C . & di ng
to the i nvg%t i%@nr éj@%goxgg{%gnp%} ecp?aa_rtg% %gﬁ@o%&azjo\gri%%%n Brﬁfgggp%;%ﬁtrgg?%

m xt ure hawiseelkantnt mechanionl y ansot kherpal h@oopesEdspe @fﬁlﬂ t fEexQ

preparation Ofgﬁ&& ag£EL&RET RbpEORbAEAIKABNES G dStRermalll ¥{HlEng
(conprising po yepoxg@r esins and pol yi sgpcyanat e resins) and in the

conposi ti on ofwite }E8%: FeRPPERFRTe CHPxfHr F TR 9 M INE prPRFt aPPE as
disclosed in gapest gy amddhaddicadlvamyeml | eyreasal whtichonteadsat tons 15

based n' clin 4ALbiTh ¢ SPERARES FaBe SURME BRORIPEPT o FoFSPnaBPRLt | vb,
cur abl e prepol seEin anculdiopnx \ia dsifiludnded do pextienlagubyt dhei glegshi gher
transition temperature, the coefficient of linear thermal
expansion and the modulus of elasticity. It has been
found that the epoxy resin moulding materials according
15 to the juvention result in mechanical and thermal
properties of the mulciings which meet the requirements
for the coating of electronic components {(cf. Tables 7
and 8). The fact that mixtures of di- and polyfumctiomnal
epoxy resins are used for the preparation of the epoxy
20 resin mixtures proved to be particularly advantageous.
This 4i8 because these mixtures make it ?ossible
substantially to increase the glass transition tempera-
ture ¢f the epoxy resin mouldings without the modulus of
elasticity and the coefficient of linear expansion being
25 ‘adversely affected. Thus, as will be shown subsequently
{e.£. Table 7), glass tramsition temperatures of > 180°C
are achieved in the case of the epoxy resin mouldings
according %to the invention. If, on the ether hand,
exclusively difunctional epoxy resins are used, this is
30 =not possible. In this case, only glass transition tem-
peratures in the range of 135 to 140°C are in £fact
cbtained.
Even when the processing ceaditicns of the epoxy
resinz moulding material according te the invention and
35 important properties of the moulding are compared with a
moulding material or a moulding according to the pricr
art, it is found that the demanding regquirements of the
electronics industry as regard to the processing proper-



anmounts of catalyst are required. In the process accord- 20 ing to the
i.nvention, the catalyst concentration is therefore 0.5 to 2.5%
preferably 1.0 to 1.8% based on - the m xture of the di- and

pol yfuncti onal epoxy resins. These hi gh catal yst concentrations are
required so that the prepolyneric?™ %bx’”y resin mxture having

| atent 25 t t b d tri | t t

w thout _subseqiitt SREcFBRapFERe=iPEn ofs bareriAtad, = e L¥Cehp
filler-contai nigeey stein moulding natedhsey acediidngs ¢cotheuthveatyen
amounts of catgg fis us«re%ﬁiét% ' Syﬂgsﬁbﬂi&%ﬁg' éﬁa&éx&&i ﬁ%%gsﬁca%gé%lgéo the

30 invention a co e reac n resi sing a
m xture of di -wwﬂ;&wgf@Wa@n&bregmarismes@hs? mu@ésggy@aagﬁi@ém n

and filler peiflg prepRELsh jcallipl %&ram@az&@égff nbd81akbal&hAY t xBkin
tenperatures of u to 100[err] C and the prepol yneric epoxy_resin

m xture havin .ding sptexsiad WHich SQ@F{BEBSJ) r%cpgm@’#*’(tﬁl 8PhiRtere at
reaction tenp%ﬁg’italrgﬂy@rt@naogbe&»eh@aréamam Fethegaheewitnh keupd-t hat,

at such a hi st eptration ossi bl e, to, heat the
epoxy resin %1 %ﬁg% tﬁpoxy tesim and angg mony tricxide as a g
the invention gxnéxgﬁnﬁiﬂLﬁg@@up to 170[err]C - corresponding to the

prior art -,to add th tjon I t er i e
polylsocyé%%te resin, %m”ﬁ%i &8 FﬁéggrgégggéngggSr% %g%@f%rér9§s%§a%§ﬁ this
manner, but ndtislagsiey ﬁsmm&é;pgspw?@émgem)@he doivenfiiguuadschavi ng

latent - reagii { ¥uPtRefDudipittant requizencHit WOFPOSL! b20cREohiEs

reaction resin mxture
industry for future wuse. This applies in particular to

the suitability of the mouldings for envircmment-friendly

15 reeyeling and envircomentally compatible disposal by

incineration. The environmental compatibility of the

epoxy resin mouldings which are flame-retardant without

halogen, which compatibility iz Iimproved compared with

the prior art, is demonstrated by the fact that - in

20 contrast to epoxy resin mouldings containing brominated

flameprocfing agents and antimomy trioxide - no highly

corrosive gaseous cleavage products and no decomposition

produets having a high toxicolegical and ecological

hazard potential are formed during the combustion. In the

25 combustien, for example according to DIN method 53436,

the only cembustion products found are those which also

oceur in the case of natural products, such as wool, wood

and cocal. This ensures that, im the event of a fault,

such as a fire or smouldering, there is ne envircomental

30 poliutien over and above the normal case and the pro-

cedure for normal domestic waste can be adopted for the
digposal by incineratiom.

The suitablility of the mouldings produced from

the epoxy zresin moulding material according to the

35 idavention for recycling is of particular importance for

the electronics industry because considerable amounts of

epoxy resin moulding are formed as wasté in the coating

‘0f components by the tramnsfer moulding ?rgcess. In



(conprising pol yepoxy resin and pol yi socyanate resin) in t he process
according to the invention also differs |0 radically from that of the
reaction resin mxtures disclosed in the prior art (WO 90/15089 or EP O
296 450 Al). This is because, first, the reaction resin mxture
according to the invention are m xt ures” V% ¢h have a hi gh filler content

and, owng to hi gh, Ccosj t r.u S o]
t enper at ur e arfbé]%o 19% %%e_ S a%%geﬁ]’gg g?idk%an%‘;lt#gx%ofgé/\hig%%&%idﬁdEheons
whi ch differ fepoxghosein mh@d:mgactﬁm rglse nehestoenies shoap Rifftear are

required. g%gogg Ebd" Soerd! sdbaralld ROLY! UBGE Oé?éxge&@é\‘in
resins, for ex | &0 | sp A epoxy. resins Wth t uncti onal
epoxy resins, meewthings Qﬁ%@opﬁ Bypconditipafi Fominnraiing u&ﬁ’d
silicone epé’xy@ﬁe@i%%nér}ﬁnd, EHe &arbéh&@w@@é@twmgh hiset@anieaqt i on
resin m xtures avi n

|| er conte ver such mxtures are
not known fron@@@eﬁlﬁﬁmfﬁrWQQ%% ?’Sn;exﬁﬁiiﬁ%?: étﬁ?émﬁf‘ FRALEEGRER v
sui tabl e react{on AR chetjanlal hghd, on Ztmbenytherddmi@, ndm t he

silicone epoxy res rtant. for t

properties - %?i%‘m W‘I’%‘g‘l fg?edy?ﬁgﬁﬁrﬁ%& ?‘%Y et h r%eane %“%%%Er%%

parti cul arI y r@qﬁﬂi@éﬂlﬁ; f or namellgasi r@m@@@s friendilyi on magnzde -'-

30 egééﬁgge%%gere It was conpletely surprisi ng and

al so unfor e for a person skilled in the art that, in the
process accord| ng Forthke neevelbsoiof matepiahvagtes i5r tsasier

- prepol yrrerlﬁ eﬁ&%ﬂgiﬁ §in @(?Xféég eg ERqi1ese 0f @@i;&cléﬁ fgta%ga?ﬁL qlw;yd
resins, such as tetraglyci I am ane a e.State
silicone epoxytgg@??ﬂngal dhighewlgstg of+ f#’%‘?f? é@%l &at%gcgo%%erﬁll% i ons
do not |ead togroni6h’kid, ih electhdEalalenginte-ink penerhlllye amehdidron
restn 15 other techmnologies; for exa@@le vehicle technology, and
the thermeplastic amd thermosetting plastic materials

required for this purpose. However, they are also suit-
able for re-use for the coating of electronic components;
for this purpose, the materlial wastes are milled to the
20 reguired particle size. The epoxy resin moulding material
according to the invention thus provides an environment-
friendly covering and coating material which is suitable
for the electronics industry, is flame-retardant without
halogen and represents substantial progress with regard
25 te the symbiosis of techmnology and enviromment in com-
parison with the prior art. '
Enbodiments of the invention will now be more
particularly described by way of example.
Example 1 _
30 Preparation of a prepolymeric epocxy resin mixture
255 g of bisphenol A epoxy resin (epoxide value:
5.78 mol/kg), 16.5 g of a silicone epoxide {epoxide
value: 1.9% mocl/kg), prepared according to Example § of
Eurcpean Offenlegungsschrift 0,399,199, 82.5 g of tetra-
35 glyeidyldiaminodiphenylmethane {epoxide value:
8.2 mol/kg) and 90 g of an isomer mixture of diiso-
eyanatodiphenylmethane (isocyamnate value: 7.9 mol/kg) are
introduced inte a mixing centainer, thenm heated te 80°C



L7 m xture conprising polyepoxy resin and pol yi socyanate resin
-even at reaction tenperatures up to 200[err]C - but I nstead a

“prepol yneri c epoxy resin mxture which has a | ong shelf life, is

sol uble or can be nelted, has latent 5 reactivity and can be very readily
cured - without subsequent accel eraata?orf' - i s obtained. | t
was al so found that both the prepol yneri epoxy _resin m xture and the

phenol i cal |y cBRapPixefoybile BF%§FF@§‘D§F§| AgvedRsildpes: c fReE8eE & v t h

have an 10 ouvﬂasd%nﬁﬁf@m&ﬁwwgmg @ﬁ qm&@al ‘épﬂ.ﬁinters
furthernore,

S ent | Tab have a
 very good shel?’n é gTr‘? f%ﬁ zé %ﬁl fﬁ(ﬁ@ ’1%3"?2?% %ﬂe B cal I y
- curabl e epoxy mksttre whm dsngrm\ngnl a#nd WHievblhtoiiibation: ms&ﬁm

| atent 15 frea n jishedglpd t10 nn
regard to t%e %%%%% %dcﬁge 1%/él%’:a hﬂjé %gncé@ntc?a giné-ééf% L so v actﬁhe
type - of the ieareponathrie? ephenylinidazele ?ﬂ?eac@%éﬁz‘sém hnhpxt he

conpri si ng pol ¥gRE¥Ye@NG:-Alln/ - mixtukaOC el QebinRl 1 Wahbobh (P m@nf life
being limted as 20 _a result |s also particul arly advantageous (of

this respe€dTEICE Pub| Fof) IPisk pkl ¢ ki BE G entPateREERE- the tlon

IS Itggarefore reald?éﬁﬁtﬁ?ﬁé m;:tmsﬂimfﬁgl&admzmr? tHs aajlu(@fm@heoglmewcr esin
nmoul di ng eria The fornul ation_o eno ura eepoxy
e o g P R e e od el b p s Tarreurd St e” pidRrng”
reactivity, c@he couzddi bEotakl y‘ebetianl de voatibbeusbiamend&bred bl t he
phenol i ¢ hydr oy

g%@%’e Feac ?év?'[ﬁg)s %ﬁét’%g&bl entt |ca% Ve Luftabl e

A further way o
epoxy resin nmi@uﬁgsn@ﬁ@cxatemhmg thmwa%@ @me@e@@mménﬂwaﬁphenol

resin mxture j, CQLL allugAg apigeahsOn MGLClBIR! Oburdbbs, Mk Wixdagsi bl e
15 container is rapidly cooled by means of a cooling
thermostat and the resin mixture is brought to a tempera-
ture below 50°C. At this time, no further free izocyanate
groups are present, and 40 % of the epexy groups used

have been converted. The melt which solidifies on cooling
20 is coarsely comminuted by the stirrer of the mixing
container. This material is then milled at room tempera-
ture by means of an impact mill te a paxticle size of
< 200 pm. The resulting free-£flowing prepolymeric epoxy
resin mixture 1 having latemt reactivity (epoxide value:
25 0.86 mol/kg; melting range: 75 to 95°C) is stored at room
temperature in the absence of m@isﬁurea )
Example 2
Preparation of a phezml resin mixture
300 g of cresol movelac resin and 30 g of carbon
30 black are introduced intoc a mixing contalner, and the two
components are heated to 160°C while stirring.
Deveolatilisation is then carried out for 1.5 h with
further stirring. Thereafter, 1450 g of spherical quartz
and €20 g of gquartz splinters are mixed in portions inte
35 the phenol resin =nixture which dis at 160°C.
Develatilisation is then carried out again for 1.5 h
while stirring. The melt which solidiflies en cocoling is
coarsely comminuted by the stirrer. This material is then



ts<0 prepare a very rapidly curing epoxy resin noul ding mat erial w thout
the shelf |ife being adversely affected 35 as a result. A substituted

i m dazol e, such as 1- cyanoet hyl - 2- phenyl i m dazol e and
2- phenyl i m dazol e or tri phenyl phosphi ne preferably serves as such a
reaction accel erator. The content of #Re=reaction accel erator I n

18 the phenql resin mxture is 0.51t0 1.5 % prefe[abé . 8. to 1.2
% based on t FpifehAit FEGEh temperature byrgeans,fiaBp| tEpe Es@*‘*%@:cﬁ?dl ng

to UL 94 shows parﬁme tmem@fdtngm padured fesdltieg cppuy- £ESWing

moulding 5 mater.i acc.ordln tion,aghi ev cla5|f|
cation V-0 at & qmﬁ% r& [39%1 i%‘eﬁmz gg @(%gg Ea g%?‘éatlon
bei ng requir ecthyddme @mﬁx&ﬁum dmdist mpsefities of moistwemepri si ng because
epoxy reS| a{%@%s {or oduced on t he ‘basis of cresol novol ac epoxy

0

resins and phen resins (as cun;ﬁiagents) and containing the filler
quartz in t h@zeparatgmrentofit idn phen rearable  epEXYI ngesdReri al

according to rﬁﬁgl@\%mﬁé)&ﬂ%lnot achl eve any classification according
to UL 94 V-0 at nm | ayer thickness wthout the use of, brom nated 15

f1 amepr oof i ng agents gr?cpaarﬁ i Rony=R% | 6XPRaLLgNiRE RTERPLYReRiG PROFY
speci nens undefdiisC Gk Elife CATBBZHEAS. to Example 1 TRAdUSB20ly <df | eBae

oot di g 1o Hre- el mnat SRk SO AR B BRpBRIEST D o
t he 20 phenol iscad | Yhonoaeghly epdxedr adi rroou| demperaterealinand £rustom t he
properties of ﬁ;%f%ltﬂ Qghei}ﬂgél é&i%?riﬁf@%%sultimg free-flowing,
phenclically curable epoxy resin moulding material 3
{epoxide wvalue: 0.62 mol/kg; wviscosity: 108 Pa.s at
15 . 162°C; spiral flow length: 67 cm at 175°C) which has
latent reactivity and i3 rendered £lame-retardant is
stored at room temperature im the ahsgn@e of moisture.
Examples 4 to 11 '
Further prepolymeric epoxy resin mixtures are
20 prepared similarly to Example 1. The particular composi-
tion of the reactionm mixtures which serve for the
preparation of the epoxy resin mixtures 4 to 11 are shown
in Table la {data in parts by welght). Table 1b shows the
epoxide value and the melting range in each case, as
25 characteristics of the prepolymeriec epoxy resin mixtures
{4 to 11).
Examples 12 %o 17
Purther phenol resin mnixtures are prepare:i
similarly te Example 2. The particular composition of the
30 phenol resin mixtures 12 to 17 is shown in Table 2 (data
in parts by weight).
Examples 18 te 29
Further phenolically curable epoxy resin moculding
materials are prepared similarly to Example 3. The
35 particular composition of the epoxy resin moulding
materials 18 to 29 is shown im Table 3.
The epoxide value (EP value) and the viscosity as
a functien of the storage time are shown im each case in



tlon of the prepolyneric epoxy resin mxture, gentle mlling duri
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invention.
pabhlie § shows the effect of the molar ratio of

phenclic hydroexyl groups to epoxy groups {OB:EP) on the

~ viscesity for the phenclically curable epoxy resin

moulding materials 3, 19, 20 and 21. As shown by the
stated times takem for the initial viscosity (at 175°C)
te inecrease temfold, the latent reactivity of the epoxy
resin moulding materials can be varied via the molar
ratic OH:EP.

Pable 7 summarises the conditioms {temperature,
time) im the curing or post-curing of the epoxy resin
moulding materials 3, 18, 18, 22, 24, 25, 26, 28 and 28
and the glass transition temperatures of the
cocrresponding mouldings.

In addition ¢te the curing conditioms, the
coefficient of linear thermal expansion (a) and the
modulus of elasticity (E’) are shown in Table 8 as
further examples of the mechanical/thermal properties for
the meuldings produced £rom the epexy resin @oulding
materials 3, 18, 19, 22, 25, 26, 28 and 29.

Table % compares f£lame-retardant EP mouldings
which were produced from a commercial -moulding material
or from am epoxy resin moulding material according to the
inventien, ir each case by transfer moulding. The pro-
cessing conditions of the moulding materials are shown on
the ene hand and the properties of the corresponding
mouldings on the other hand. The commercial moulding

material is moreover rendered flame-retardant by adding

BYEEnt réideivelyrege test
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10 failure of conponents. The stress behavi our of the epoxy resin

moul dings is influenced in particular by the glass transition
tenperature, the coefficient of |inear thernal expansi on and t he nodul us
of elasticity. It has been found that the epoxy resin noulding materials
according 15 to the invention result 2%n° mechanical and thermal
properties of the noul dings which neet the requirenent for thQ coati ng
of el ectroni c BEABIRBAED %@Fﬂ ofdng ageptp gprdTRICARCRY: (RRERLG8r es of

di - and pol yf ummgn&he gw&gxwgﬁ@bm@an@@ﬁa;ema%he?prwmwuﬁ t he
epoxy 20 resin m e roy 0_be rti,cul ar advant.ageous. Thi s
IS because tﬁ@?e ?‘;ﬁg Snﬁé Fggﬁgég?% lghegﬁ%?g%?%le to
increase the gEzesplealsition tenpera- ture of the epoxy resin noul di ngs

W t hout the Qggggzggm 8 aat gg% gﬁg%eeggg&y k%%ﬁg % ghidear

expansi on bgln

verse as - w own subsequently
(c.f. Table 7), glass Epafnishmm@m% wies spein 1SBRIReRt, 2. 54 &g
achi eved in thsfcgigp%nbﬂeaea@&yrﬁégﬂnwegséi:;i:@é valudl el %I‘/‘k yhe
i nvention. If, ot her hand, exclu3|vely di functi opal g%@@{ resins
are used, this |°%5§0 kgnotohosd bl BLLIFCRR| s epsxdde) ?%‘P’%@étr & on

tem peratupes imm'ykg)raﬁﬁ@p@i‘e&35eéﬁr&ﬂﬁéef;é]&a&ﬁ@,e 5 fell Buropaizai ned.

E wh | di t I
mccording t0 RERRRIBRERaRRaRE 52", b8t FHAC Br dbeht 198 hCRARHI g are
conpared with aiamlmndmphsgy&aeehaae ofepmaipld dratuaccsrdi mglybgl haosi i or
art, it is fougdg g%akg % WQQ&:&Q?E&%&%@E’H? & 1 dl5rana R APHHYI1CS

|ndustry as regard to~the processing g
methane (i.gocymat:e va ue. ’? 9 mel/kg) are introduced

inte a thermostatable and evacuable mixing container
15 (effective capacity: 20 1); the mixture is then heated to
60°C while stirrimng. Thereafter, 6.195 kg of spherical
quartz, 2.655 kg of guartz splinters, 0.075 kg of
polyethylene wax and 0.135 kg of carbon black are added
in portioms to the mixture while stirring. The mixture is
20 then devolatilised at 60°C for 1 hour while stirring. For
the preparaticn of an accelerator compoment, 1.05 kg of
spherical gquartz, 8.45 kg of quartz splinters, 0.015 kg

of carbon black and 55.5 g of l-cyanoethyl-2-phenylimida-
zole are homogenecusly mixed. The resin component and the _
25 accelerator component are simultanecusly metered into a
twin-screw extruder, the reslin component by means of a
peristaltic pump at a continuous maas £lew rate of
0.042 kg/min- and the accelerator coupoment by means of a
twin-screw metering apparatus (mass flow rate: 5 g/min).
30 The screwe of the extruder are composed of conveying
elements, and three conveying kneading blocks, each 28 mm
leng, are mounted immediately after the feed 2zone, for
hemogeneous mixing of the resmin component and of the
accelerator component. The screw length ig 880 mm and the
35 oguter serew diameter is 31.8 mm; the five barrel zones of
the extruder are adjusted to the following temperature:
zone 1 (mixing zone): 81l°C, zone 2: 138°C, zeme 3: 177°C,



20 ties and the properties of the noulding are net by the epoxy
resin moul ding material according to the invention (cf. Table 9). The
foul ding material Nitto HC 10/ 2 used wor | dwi de served for conpari son.
Jhis moulding material 5 is a phenolically curable cresol novolac epoxy
resin moul di ng material which contai A8 70 % of quartz splinters as
a filler and is rendered fl ane-retardant vm@t h tetra- br onobi phfnol
epoxy resin afengntitnody &’ GroxiZRPe$ia 180°Gme %t REZRYENBPY ?ff

Owi ng to thei hgepMin-bNMEakutting endly spiepeesiaence tikbeiapthy twehhs

moul di ngs according to tEe | nverét [ onial SO meet further inportant

requi renents BFEEHe & 5 = RBdustry for future use. This applies
in particular to | e mmmt@;@éham@omm@ugh faordeuble slot

envi ronment_ - frj.en 15 r Li.n n VLI O ak Ly t sposal
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by the fact that - 1n contrast to epoxhresm nmoul_di ngs _.cont aj ni ng

bronminated  precsrmdessdied gxssusaseaha o riP %@Fﬂém rﬁﬁaﬁ;%ﬁ?’?

corrosive gaseQus %fam&spr@ﬂuahs i@%dﬁ) SETDNP TRt irdBultigy ofiiees
havi ng a hi gh t oxi,col ogi cal ecol

d 0 hazar d pote tial, or med
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occur in the ca n UGkS 0
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Thi s ensures ﬁ% vent of “a suc as aF’
snoul deri ng, tierthe sbhaenseio®Hmainture0 pol  uti on over and above the
nornal case alﬁggéﬁagorﬁ cedure for normal donestic waste can be
adopted for the dlsposal by inci_nerat, on. The suitability of

t he noul di¥fys BReppraddan &h a PRIReIYRSEL S SRRV FRRdRn FIREEES al accor di ng
to the 35 invention for eneguel ubgthSndbhgpafddatifledy reppar wEntrfeoris

prepared similarly to Example 1. 5.55 g of l-cyancethyl-
2-phenylimidagzocle are metered imto this reaction resin

mixture, and devolatilisation is them carried out for
20 10 mim while stirring. Thereafter, the reaction resin
mixture is reacted by heating the mixing container to
160°C with further stirring; the course of the reaction
is continuously monitored by temperature measurement. The
reaction is terminated 1 min after sclidification of the
25 reaction resin mixture, by cooling the mixing container
with a cecling thermostat. The temperature of the reac-
tion resin mixture is brought te below 50°C, with further
stirring. As a result of the continuocus stirring, the
inseluble reaction product which is free ef isocyanate
30 groups and has isocyanurate structures is cbtaipned as a
free-flowing powder having a long shelf 1life. This
reaction resin powder is fed to a twin-screw extruder via
a vibratimg trough at a continucus mass f£low rate of
30 g/min. The screw length is 880 mm and the suter screw.
35 diameter is 31. 8 mm; the £ive barrel zomes cof the
extruder are heated to 160°C. The screw speed is
90 min~*, resulting in & melt residemce time in the

extruder of 1.5 min.



the el ectronics industry because consi derabl e anobunts of epoxy resin

moul ding are fornmed as waste in the coating of conponents by the
transfer nmoul di ng process. In 21
addition, it is intended in the future to recycle the epoxy resin
nDuIdlngs fromthe electronics scrap aftéf = the netals have been
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rel evant . ~ technic n be used In el
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they are al so3duPpving ﬁﬁﬁ?tfﬁﬁaggiﬁ f SPPPFTAR %R ¥$% ¥ nq
conponents; m@lh@ﬁgtbaagaurﬁsseo phecheier & 8bre@sd € reom E&ﬂ@éﬁh&@téhe 20

required rt| [ The OXVY .l n noul ding materi al according to
t he inven %on §h§§%p Vlggg §% lﬁgg%ﬁént- friendly covering and
coati ng nuat er BxempfiecB2i s suitable for the electronics industry, is

mm ret fgda@&%ys&ae%n o£121008h R 1RANSS ST a SRSt Ao} REQPHLESS
J moulding material

A phenclically curable epoxy resin moulding
15 wmaterial 32 is prepared similarly ¢to Example 3, the
cecmposition o©f paid moulding material being shown in
Table 3.
The conditions during the curing or poest-curing
of the epoxy resin moulding material 32 and the glass
20 tramsition temperature of the corresponding moulding are
shown in Table 7, and Table B8 shows the coefficient of
linear thermal expansion and the modulus of elasticity,
in addition to the curing conditionms.



25 to the synbiosis of technology and environment in com parison with

the prior art. Enbodi nents of the invention will now be nore
particul arly described by way of exanple. Exanple 1 30 Preparation of a
prepol ynmeric epoxy resin mxture 255 g of bisphenol A epoxy
resin (epoxide value: - 5.78 nol /kg),~ 8 5 g of a silicone epoxide

(epoxi de value: 1.9,nol/kg), prepared according to Exanple 9 of

Eur opean O f enl egungsschrift 0, 399, 199, 82. 549 of fetra- 355 o

gl yci dyl di am nodi phedyl et h8ne < (epoxi de -val ue: 8. o rr‘gl /'kg) and 90
g of an isomer mxture ofediriso-* ' cdyahat od? phe®I et hahe & i Socyanat e
value: 7.9 nol/kg) are i ntroduced into a m xing container, then heated
to 80[err]C : o o 2%; nd m xed
while stirring and @voldfilised™ Thereafter, . 724.5.g of sgheﬂri cal
quartz, 310.5 g of quar{Zsplint¥s' ' &nd 18 g df dardon bl aCk are added
in portions to the i Xxture while stirring, and devol atilisation is then

5 carried out for 1 h at 80err]C while stim;,rin% 5.5 g of

1- cyanoet hyl 2- phenyl g daZolfe aft nmetered lento sthe o e reaction resin
m xture, and devolatiligagi 6h is*®thén' ' carfied Dut' fBrls ni'n While
stirring. Thereafter, the tenperature of the mxing container is
adjusted to 180[err]C1¢ and the reaction res!nn m'cg‘gtureﬁis reagted while
stirring. The coygrsé ¥f The feaction is conti nsously nonjtored by
tenperature measurenent | ¥hetreattion is'ternfnated 4 & 'mihufles’ after
reaching the reaction tenperature of 130[err]C
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iA the resin mxture. For this purpose, the mxing 15 container is

rapidly cooled by neans of a cooling thernostat and the resin

m xture is brought to a tenpera- ture below 50[err]C. At this tinme, no
further free isocyanate groups are present, and 40 % of the epoxy
groups used have been converted. The" t” mhlch solidifies on cooling
20 is coarsely commnuted by the stirrer of the m xing container. This
material is then mlled at roomtenpera- ture by neans of an inpact

mll to a particle size of nl< 200 [err]m The resulting free-flow ng
prepol yneric epoxy - resin xture 1 having latent reactivity (epoxide
val ue: 25 0.86 nol/Kkg; It|n range: 75 to 95[err]C) is stored at room
tenperature in the absenge of noi st ure. Exanpl e 2 Preparation of a
phenol resin mxture km 990 «g @f ucr@sel «owol ac resin and 30 g of

carbon 30 black are |ntFoduce °1ﬁ?o§h‘ﬁlf1n gbﬁ?agher and the two
conponents are heated @t% a&(ﬁeBrB: o\/\/fﬁl &tﬁr

Devol atilisation is th earrjed gug_f %% further stirring.
Thereafter, 1450 g of s erlc rquarki = a:aﬂd g=of quartz splinters

are mxed in portions i o 35 | the phenol resin mxture which is at
160[err] C Devol atilisation is then carried out again for 1. 5 h
while stirring. The nelt whichj solidifies on cooling is coarsely
comminuted by the stirrer. This material is then
23 mlled at roomtenperature by neans of an inpact mll to a
particle size of < 200 [err]myj The resulting free-fl ow ng
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phenol resin mxture 2 (OH value: 2.35 nol/kg) is stored at room

tenperature in the absence of noisture. 5 Exanple 3 Preparation of a
phenolically curable epoxy resin noul di ng materi al 1000
g of the free-flowi ng prepolyneric epoxy resin m xture according to
Exanmple 1 and 282 g of the 10 free-flﬁm?ﬂg“phenol resin m xture according
to Exanple 2 are thoroughly m xed at roomtenperature in a frustum
m xer with a helical stirrer. The resulting free-fl ow ng, phenolically
curabl e epoxy resin nmouldjng material 3 (epoxide value: 0.62 nol/kg;
viscosity: 105 Pa.s at {15 162[err]C, spiral flow length: 67 cm at
175[err] C) which has atent reactivity and is rendered fl anme-retardant
is stored at roomtenperature in the absence of noisture. Exanpl es
4 to 11 ' Furt her prepol yneric epoxy resin mxtures are 20
prepared simlarly torkExahpl e2l. The particul a® c8nposi - tion of the
reacti on m xtures whi serve fon the « upggparation of the epoxy resin
m xtures 4 to 11 are showh ™ in Table la (data in parts by weight). Table
| b shows the epoxi de yalue and the nelting range in each case, as 25
characteristics of thggprapolﬂneriq epoxy ® esi n next ures (4 to 11).
Exanples 12 to 17 1 edFUrtiker phemoleresiaa m xtures are prepared
simlarly to Exaple 2. The pafticular conpbsftion of the 30 phenol resin
m xtures 12 to 17 is.showh in Table 2 (data in parts by weight).
Exanples 18 to 29 0 © Further phetotical®y curale epoxy resin -
moul di ng materials "are « prepared siimieasl yo #0 Exanple 3. The 35
particular conposition of fhe epoxy ®sfh nmoulding materials 18 to
29 is shown in Table 3. The epoxide value (EEvalue) and the
viscosity as a fquti)n of¢ the stor&genttnme afe show®in each case in
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24 Table 4 for the prepolynmeric epoxy resin mxture 1 and for the
phenolically curable epoxy resin noulding materials 3 and 19.

Table 5 shows the effect of type and concentra- 5 tion of reaction

accel erator on the viscosity for the phenolically curable epoxy resin
moul di ng material 19. The stated tines3faken for the initial viscosity
(at 175[err]C to increase tenfold illustrate the range of
variation with regard@to inpa&ting | atent reactivity to 10 the epoxy
resin noul ding materisal s accofding to the i nvention. Table 6
shows the effect of tthe molarjratio of phenol i c hydroxyl groups to epoxy
groups (OH :EP) on the - HisgSsity {8 %the phenoli®ally r3bl e epoxy
resin 15 moul ding mat®rials 3| 997 2P Qn@ 2. "AsTisibvip) by £h€ € stated
times taken for the igiti V| st0o8i vy (lat 1AS5fFer+] €) 4 i tvd Fhorease
tenfold, the |atent F%activity of the epoxy resin noulding materials
can be varied via the nolar ratio OH EP. 20 Tabl e 7 sunmari ses
the conditions (tenperature, time) in the curing or post-curing of the
epoxy resin noul ding matefials 3, 18, 19, 22, 24, 25, 26, 28 and 29
and the glass transition; tenperatures of t he correspondi ng
nmoul di ngs. 25 In saddjtion to the <curing conditions, the
coefficient of Iirm&ugtheﬁ%al expansion (a) and the nodul us of
elasticity (E ) are gghowwiin Table 8 as further exanmples of the .
mechani cal / t her mal prioper ty es for

N © W v € © I N VW N > = &N &N
N 8 N el NN NN NN N NN

Partse by

Phencol resin m

No.
15
17

81
74
78
73
73
78
78

86
74
75
75

Parts by weight
78
72
74

Prepolymeric
epoxy resin mixture
Neo.

-10
39

Table 3
Example
20
a1
22
23
24
25
26
28
29
32

18
19
27



4 he noul di ngs produced fromthe epoxy resin noulding 30 materials 3, 18,

.19, 22, 25, 26, 28 and 29. Tabl e 9 conpares flanme-retardant EP
moul di ngs whi ch were produced froma comrercial noul ding materi al
*or froman epoxy resin noulding material _according to the invention, in.
each case by transfer noul ding. The pr"o-3235’ cessing conditions of the
nmoul ding naterials are shown pn t he one hand and the proporties of the
correspondi ng soul dmgx on+ he et her vhande Tke conmerci al noul di ng
material is moreovdr reRdéred| 2 affes r8t & dfnts bfi addi ng
25 broni nat ed gl anefr 6of i hg_agert s\ard .QnL,L nQny trioxide, while the
epoxy resin noul diig nmaperd aIL C the invention is
fl ame-ret ar dant V\naghoutghai og é gxgng 3@ 3 Preparation of a
prepol yneric ep@(y%rey @ xturd Ebr~t he preparation of a resin
conponent, 2.557kg obei sphenol A epoxy resin (epoxide value: 5.78
nmol / kg) , 0. %5@4{(9 f“m silicone epoxide (epoxide value: 1,9
nol / kg), prepared -dccor&i ag to Exanple 9 of European 10 O f enl egungsschrift
0, 399, 199, 0.81 @gﬁof tEtragl Vi Oyl w1 e fli @M-noQi phenyl net hane (epoxi de
val ue: 8.2 rml/k&) and o, 78 0.885 Rg'Df9ar, iofprem xture of
di i socyanat odi plﬁ@nﬁl- ﬁ gret hanee (i soRyhaPeyaPue: 7.9 nol/kg) are
i ntroduced into a thernostatable and evacuabl e m xi ng contai ner 15
(effective capacity: 20 1); the mxture is then heated to 60[err] C
whil e stirring. Th,greafg‘etg’ 6, O52kG of $Hh@r T quartz, 2.655 kg of
quart z spllnters,Fﬂ 0. 035k kg |of & =i =t & = s
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pol yet hyl ene wax and 0.135 kg of carbon bl ack are added in portions to
the mxture while stirring. The mxture is 20 then devolatilised at
BO[err]C for 1 hour while stirring. For the preparation of an

accel erator component, 1.05 kg of spherical quartz, 0.45 kg of quartz
splinters, 0.015 kg of carbon black®and 55.5 g of

1- cyanoet hyl - 2- phenyl i m dg- zol e are honogeously m xed. The resin
conponent and the 25 afceferatgr conponent are sinultaneously netered into
a tw n-screw extruger® thejlresin conponent by neans of a

peristaltic punp at a @OéianOLS mass flow rate of 0.042 kg/mn and
the accel erator conpon&nuqb? mgans of a tw n-screw netering apparatus
(mass flowrate: 5 g/ M . %30 |The screws of the extruder are conposed of
conveyi ng el emsnts;?s Z@;d threg ¢o éeé ng khegding bl ocks, each 28 mm

| ong, are nounted i me | e?y df beres t eedwsrome, for hoaneneous

m xi ng of the resin co and of the accel erator conponent. The
screw | ength is 880 adﬁ ﬁhe 35 outer screw dianeter is 31.8 mm the five
barrel zones of th% t#uder are adjusted to the follow ng tenperature:
zone 1 (m xing zone) 1[ rP]C zone 2: 130[err]C, zone 3: 177[err]C,

- 26- zone 4. 178[e rj zorje 5: 180[err]C. The screw speed is 20
mn[err], resulting |n§a4ﬁelt residence tinme in the twn- screw extruder
of 2.5 nin. Fhe extirudat e di scharged through a double slot 5

die (cross-section: 2 Hnn1x 20 |mm each) is guided along a
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) Based on the filler-free reaction resin mixture
comprising polyepoxy resin and polyisccyamate resin
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cooled slide rail, cooled to 43[err]C and comm nuted on a connect ed
el-astic take-off beIt by a counter-roller. The precomm nuted extrudate
is miled to the desired particle size by neans of an inpact mll. The
resulting free- 10 flow ng, curable u%Eolymsric epoxy resin mxture
30 having latent reactivity (epoxide vat 0. 84 nol / kg; mel ti ng range:
75 to 95[err]C) is storeg, at_%Eon1tenperature in the absence of

noi st ure. Exanpl e $1415 eparation of a prepolyneric epoxy resin

m xt ure A*tiBler-c nt-ai ning reaction resin mxture is

pr epar ed sinilarlyix)%kgnple i 1. 5.55 g of 1-cyanoethyl -

2-phenyl i m dazol e are $efered jnto this reaction resin m xture, and
devol atilisation is then»carrifed out for 20 10 min while stirring.
Thereafter, the reactign-resin m xture is reacted by heating the m xing
container to 160[€?nﬁc with further stirring; the course of the
reaction is contirfiofsIY nitored by tenperature neasurenent. The
reaction is ternlnatqulﬁnﬁ$ tergselidification of the 25 reaction resin
m xture, by cooling tle HIX|ng'@nnbaﬁmew with a cooling thernostat. The
tenperature of the re4g-g o tion resin mxture i s brought to bel ow

50[err]C, with further® 5 gstifring. As a result of the continuous

stirring, the i ns u@le*re ction product which is free of isocyanate 30
groups and has isocyarurat e styuctures is obtained as a free-fl ow ng
powder having a | ong sHel%¥ life. This reaction resin powder is fed
to a twin-screw extruder via | a vibrating trough at a continuous nass
flow rate of 30 g/mn. Thej screw length is 880 nmand the outer screw
35 diameter is 31. 8 nm the five barrel zones of the ext ruder

are heated to 160[err]C Th screw speed is 90 min[err] resulting
inanelt residence tinme in th extruder of 1.5 mn.
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2% The extrudate is discharged through a double sl ot die
(eross-section: 2 nmx 20 mm each), cooled to 45[err] C by di rect
contact with a cooled slide rail and conm nuted on a connected-el astic
take-of f belt by a counter-roller. 5 The material is then mlled to a
particle size of < 200 [err]mby nead8 of an inpact mll. The
resulting free- flomﬁngﬁ curable prepolyneric epoxy resin mxture
31 having |l atent reactivityt(epoxide value: 0.86 nol/kg; mel ti ng range:
75 to 95[err] O i s=stored aq roomtenperature 10 in the absence of

noi st ur e. Exanp@e 32 Preparation of a phenolically curable
epoxy resin nodl di ng terial A phenolically curabl e epoxy
resin moul ding 15 nfterial 32 is prepared simlarly to Exanple 3, the
conposi tion of saidénoul ding material being shown in Tabl e 3.

The conditions duri the cdring or post-curing of the epoxy resin
nmoul di ng nateri al and the¢ glass 20 transition tenperature of the
correspondi ng nould?ng are shown-in Table 7, and Table 8 shows the

coefficient of ppar t} Exi@ngi @ gn@ tmemu@lgof elasticity,

in addition to the @Ublng C OﬁsF% v
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a® 92 * 3381 ® N Hlllllﬂ M
Patent Claims |
1. Precess for the preparation of a flame-retardant,

free-flowing phenolically curable epoxy resin moulding
material having latemt reactivity for eccating electromic
cemponents, characterised in that a prepolymeric epoxy
resin mixture free of imocyanate groups and having latent
reactivity is prepared in powder form from a filler-
centaining thermally polymerisable reaction resin mizture
of poelyepoxy resin, comprising a mixture of di- and
polyfunctional epoxy resins, and polyisocyanate resin
having a molar ratioc of epoxide groups to isocyamnate
groups of > 1 - using substituted imidazocle ag a reaction
accelerater im a eoneéntracign of 0.5 to 2.5 % based on
the peolyepoxy resin - at reactiom temperatures up to
200°C, andé that the epoxy resin mixture is mixed with a
pulverulent, filler-containing phenol resin mixture in a
molar ratioc of epoxy groups to phemclie hydroxyl groups
of 1:0.4 to 1l:l.1, opticmally with the addition of
edditives.

2. Process according to Claim 1, characterised in
that the epoxy resin used is a bisphenol A or bisphenocl F
epoxy resin,. a phenol novolac or crescl novelac epoxy
resin, triglyeidyl isocysanurate,
diphenylmethane,

Bilicone epoxy resin of the gemeral formula

tetraglycidyldiamino-
a polyglycidylphosphorus resin or a

@EEE-N/[:\N=(CH Yx~SiR,0(Si A
1 2°37 2 S RZD) Siﬁzs(EH )3 %‘y \w
# ./C\ _ C\
0] ) 0 : @/ N~ \0
! Q d
= 4%

where the following is applicable:
» iz an integer from 0 to 25, '
x is an integer from 0 to 3,
R = alkyl or aryl amd
Q = -(CH,);8iR,0(81R,0) 8iR,R",
in which n and R have the above-menticmed meaning



37 [err] GR92 P 3381 P ,. |
P Patent C ai ns 1. Process -for the pfiEi wwﬁy
flane ret ardant, free-flow ng phenolically culit#ikie Lﬂ”ﬂ Qmm nmoul di ng

*material having latent reactivity for cogting el ect r'ocnlé
characterised in that a prepolyneric €p

i socyanate groups an vi ng | at ent actjvity is ared j n_pawder
formfroma filler® A R R eboxy #&f a1 Haviag PP

1¢

15,

20

28

30

35

resin mxture free of
@na rad L&
carbon atoms. ‘
3. Process according to Claim 2, characterised im
that the content of silicone epoxy resin is up to 20 %,

preferably 1 to 7 %, based on the filler-£free reaction

resin wmnmixture comprising polyepoxy vresin and poly-
isoeyanate resin.,

4, Process accoxding to any of Claims 1 to 3,
characterised in that, in the epoxy resin mixture, the
molar ratioc of polyfunctiocnal to difunctional epoxy resin
is 0.2 te 0.75, based on the epoxy groups.

5. Process according to ome or more of Claime 1 to
4, characterised in that an isemer =mixture of
diisocyanatodiphenylmethane or of toluylene diisocyanate
or a prepolymer of an lsomer mixture of diisocyamato-
diphenylmethane is used as the polyisocyanate resin.

6. Process according to one or more of Claims 1 to
5, characterised ia that, in the reactien resin mixture,
the molar ratioc of epoxy groups te isocyanate groups is
1.521 to 4:1.

7. Process according to ome or more of Claims 1 to
6, characterised in that 2-ethyl-4-methylimidazocle,
2-phenylimidazele or l-cyanocethyl-2-phenylimidazole is
used as the reaction accelerator.

8. Process according toc one or more of Claims 1 te
7, characterised im that the content of reactiom accele-
rator is 1.0 te 1.8 %, based on polyepoxy resin.

9. Process according to ome or more of Claims 1 to
8, characterised inm that phenol or cresscl novolacs or
mikxtures therecf are used as the phenol resisn.

10. Process according to ome or more of Claims 1 teo
9, characterised in that the phenol resin mixture con-
tains a reaction accelerator, the content of the reactiom
accelerator being 0.5 to 1.5 %, preferably 0.8 to 1.2 %,
based on the filler-free phemol resin mixture.

11. Process according to ome or more of Claims 1 to
10, characterised in that mineral £illers, such as
guartz, and/or ceramic £illers, such as alumina, are

% cenpenents,

38



,containing thermally polynerisable reaction resipixture  of pol yepoxy
resin, conprising a mxture of di- and 10 pol yfunctl onal epoxy resins, and

< * pol yi socyanate resin having a nolar ratio of ﬂ gﬂﬂﬁ I g ‘ME
.“‘l"‘l"“f‘ ‘vi:\ act i on

“jisocyanat e groups of > 1 - using subgfituted ‘
accel erator in a concentration of 0.5 t0 2.5 %based oh " the *pol yepoxy

resin - at rgagiion tenperatures up to 15 200[err]C, and that the epoxy
resin mxture 1s mxed with a pul verul ent, filler-containing phenol
resin mxtur¥in a Proeess Reessdingcbexgngr HpHOrS e frdrimshyldrtexy|

groups Oflll %Ifaiéht]eziiéed%ﬁi 't@f&! lthe\’\mb@akhﬁaéﬂéléﬁ %béiiy rcﬁiﬂﬁ tives.
20 2. Pr ocess@@gi to,Caim1l. char acteri seg5 that t he
0

epoxy resin tRcBPE FF L TR ph nbpe Fourablg, #porysiTeeiR phenol
novol ac og Cﬁm&m;ﬂ@\mmmbxyg 1:0r€sta,1i1i gl yci dyl isocyanurate,
. tetragl yci dyl di am no- di phenyl net hane, a pol ygl yci dyl phosphorus resin
or a 25 silicone epoxy resin of the general fornula [err]

where the following is applicable: nis an integer fromO to 25, X is
an integer fromO to 3, R = al kyl or aryl and 30 Q =
-(CHerr]SiRerr]O(SiRerr]O)[err]SiRerr]R in which n and R have
t he above-nenti oned neani ng

H)q v ®
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39 ‘ and R is an epoxy functional radical having 6 car bon
atons. 3. Process according to Caim2, characterised in t hat
the content ofrs$2ipOoIBBEP®XY resin is up to 20 % 5 preferably 1 to 7 %
based on the filler-free reaction reéin m xture conpsi.si.ng pol yepoxy
resin and poly- | socyanat e resin. Process {HEC ¢airdi MRS g&p\p
of Cains 1 t% ract characterised in that in the epo%y respg;q;rz(bﬁt)ure
the 10 ol ar*ParTo° of pol yfunctional to di f unct i onal OXy—t+€eS+h

0.2 to 0.75, based on the epoxy groups. 5. Process according to one

or nore of Claims 1 m!@ p ssc@@%a%lﬁé' $edparAtibhalef an fAiaERr
m xture of di i socyanat od enyl met hane .or of tolagiene di i socyanate 15

or a prepol yneetardant; Srre- fhowine phegoldsajdyrurable eposhe fA hane

is used as thﬁeﬁ@éﬂﬁé%&%@%&&ﬂ eGiving lafent reRbofeisyateer dicurimgy one or
nore of Claine 1 to har acteri sed i in the reacti,on resin

m xt ure, e%@ﬁ%@%#cr%&%@%?n%oﬁpaﬁ g?mﬁé’ti s%%ﬁ%s 5 SHRERE o0
1.5:1 to 4:1. gxree df igoeﬁm mmdu&gh&vlngelmsmbrwmtﬂmmsl to

3‘

y

6, characterised in that,_2-eth I| zole, g4 zol e
or 1-cyanoet hBTSB2RRE Ny Py FIGIF e |s ugggﬂas e reactlon acéﬂ}%aator.
25 8. Pr tbessadtyopdilygerbsshdeorenstion! repipnmiztyge of po ly-

characteri sed %rg%gﬁéifn egcthphe@pscler di- raddr g 0to
1.8 % based o%gx%l %péox resi 4 Process accor di Eg 0 or%iﬁ or

nore of d ai nf’@@?é@nal E?GWa?E%%fF« s@é@l?l@l?%?@ ViRgi ol acs

or a molar ratio of epoxy groups to isocyanate groups of > 1
- using substituted imidazocle as a reaction accelerator
in a conceantration of 0.5 to 2.5 %, based on polyepoxy

 resin - at reaction temperatures up to 200°C, and the
prepolymeric epoxy resin mixture is mixed with a
pulverulent, filler-containing phenol resin mixture in a
molar ratiec of epoxy groups to phemolic hydroxyl groups
of 1:0.4 to 1:1.1, optionally with the addition of
additives.
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30 mxtures thereof are used as the phenol resin. 10. Process
according to one or nore of Clains 1 to 9, characterised in that the
phenol resin m xture con- tains a reaction accelerator, the content of
t he reaction accel erator being 0.5 to 1.5 Sgbsatitatesheédty- 218Jurme 1886%
35 based on the filler-free phenol resin m xture. 11. Process
according to one or nore of Clains 1 to 10, characterised in that
mneral fillers, such as quartz, and/or ceramc fillers, such as
alum na, arzbstract - 40 used. 12.

Process according to one or nore of Clains 1 to 11, - characterized in that

t he nol ar

rati o of epoxy groups to phenolic hydroxyl groups in the
cur abl e epoxPreesias Stoxpthdi pyeparetisn of ja0fiame-tetardant epoxy

resin moulding material

In a process for the preparation of a £lame-
retardant, free-flowing, phesnclically curable epoxy resin
moulding material having latent reactivity fer esagiag
electronic components, a prepolymeric epexy resin mixture
£ree of iseeymt:e groups and having latemt reactivity is
prepared in powder form from a £iller-comtaining
thermally polymerisable reaction resin mixture of poly-

epoxy resin, comprising a mixture of di- and poly- .

functional epoxy resins, and polyisocyanate resin having
a molar ratic of epaxy groups to isocyanate groups of > 1
- uging substituted imldazele as a reaction accelerator
in a comcentratiom of 0.5 to 2.5 %, based on polyepexy

. Tesin - at reaction temperatures up to 200°C, and the

prepolymeric epoxy zresin mixture is mixed with a
pulverulent, £iller-containing phencl resin mixture im a
molaxr ratlo of epoxy groups to phenolic hydrexyl groups
of 1:0.4 to 1l:1.1, opticmally with the addition of
additives.




