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Description 

Epoxy-resin moulding compounds having halogen-free flame 

retardation 

The invention relates to. flame-resistantly 

5 formulated, flowal;>le, latently reactive, phenolically 

curable epoxy-resin moulding compounds for the encapsula­

tion of electronic components. 

In electronics, filler-. containing moulding 

compounds based on epoxy resins are used for the encapsu-

10 lation of active and passive components. Examples of such 

applications are the encapsulation of capacitors, _diodes, 

transistors, power semiconductors, optocouplers, memory 

chips and microprocessors. Suitable epoxy-resin moulding 

compounds for this purpose must fulfil high requirements 

15 relating to the processing and moulded-material 

properties. This relates, in part.icular, to the purity of 

the moulding compounds and also to the rheological 

behaviour and the curing properties during processing as 

transfer moulding compounds by means of transfer moulding 

20 processes and, furthermore, to the mechano-thermal 

properties of the epoxy-resin moulded materials and to 

the stable long-term protection of the components against 

aggressive environmental influences. In addition, the 

epoxy-resin moulded materials must fulfil the high 

25 requirements of electronics relating to the flame-resis­

tant behaviour and achieve.the classification V-0 for a 

layer thickness of .s. 1. 6 mm in the internationally 

standard flammability test according to UL 94 V. 

The curing of epoxy-resin moulding compounds can 

30 in principle be carried out with chemically varied 

hardener components, for example with carboxylic 

anhydrides, amines or phenols. However, phenolically 

curable epoxy-resin transfer moulding compounds heavily 

filled with synthetic silica flour have gained acceptance 

35 for the encapsulation of electronic c9mponents by means 

of transfer moulding processes. 
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The phenolically curable epoxy-resin transfer 

moulding compounds at present used industrially contain, 

as a rule, 10 to 30% of organic components and 70 to 90% 

of inorganic components. In most cases, the chemical 

5 basis of the resin compone~ts is composed of cresol­

novolak epoxy resins. Phenol novolaks are predominantly 

used to cure the epoxy resins; the reaction is acceler­

ated, for example, with triphenylphosphine, 

phenylphosphonium borate and 2-ethyl-4-methylimidazole. 

10 Silicone-modified epoxy-resin components are used in the 

moulding compounds to improve the low-stress behaviour 

(in this connection, see German Offenlegungsschrift 42 23 · 

632). 

The flame-resistant formulation of the 

15 compression-moulding compo~ds is carried out using 

aromatic bromine compounds, in particular with tetra­

bromobisphenol A epoxy resins, which are chemically 

incorporated in the epoxy-resin-moulded material during 

curing. In addition, antimony trioxide increases the 

20 effectiveness of the brominated flame retardants as a 

synergist. The flame-resistant properties of the epoxy­

resin moulded materials are further promoted by a high 

content of silanized synthetic silica fillers; in this 

connection, both splintery fillers and mixtures of 

25 splintery and spherical fillers are used. Recently, 

synthetically produced a-radiation-free synthetic silica 

fillers have been used to avoid so-called soft errors in 

large-scale-integrated circuits.. The high content of 

silanized synthetic silica filler also serves to improve 

30 the mechano-thermal properties of the epoxy-resin moulded 

materials, in particular to adjust the coefficients of 

expansion. The compression-moulding compounds also 

contain, in addition, small amounts of additives, in 

particular soot, and processing aids, such as stearates 

35 and waxes. 

To produce the phenolically curable epoxy-resin 

transfer moulding compounds, the resin and hardener 

components are converted into a pre-reacted state 

(B stage) and pulverized, as a rule, at temperatures up 
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to approximately 120°C, in particular by kneading on a 
roll mill or by extrusion, for example 
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by means of a screw compounder. To process the transfer 

moulding compounds by means of transfer moulding 

processes, the moulding-compound powder is generally 

palletized and, if necessary, the pellets are pre-heated 

5 to 70 to 90°C before processing. The components are 

generally encapsulated at moulding temperatures from 170 

to 190°C and a pressure of 70 to 200 bars, the 

compression-moulding compound being cured in the mould 

generally for 60 to 120 s. The components are then 

10 demoulded and, if necessary, postcured at temperatures 

from 170 to 190°C. 

Al though the phenolically curable epoxy- resin· 

moulding compounds which have been flame-resistantly 

formulated with bromine-containing flame retardants and 

15 antimony trioxide and whi~h have outstanding flame­

retarding properties have proved advantageous in elec­

tronics, their use is not, however, without problems. In 

particular, during fire and carbonization, they form 

highly corrosive bromine compounds, such as hydrogen 

20 bromide, and aromatic bromine compounds which are bio­

logically difficult to degrade, such as polybromodibenzo­

dioxins and polybromodibenzofurans. In addition, epoxy­

resin moulded materials containing brominated flame 

retardants are unsuitable for recycling if a further 

25 scattering of dangerous products is to be avoided. In 

addition, the disposal of such epoxy-resin moulded 

materials as waste by combustion can be carried out in 

future only as hazardous waste by means of industrially 

expensive and economically unprofitable combustion 

3 0 processes because of the ever-increasing requirements 

relating to air-pollution prevention. One ·objection to 

the use of antimony trioxide is that this compound is on 

the list of carcinogenic hazardous substances. Although 

the risk is negligible in the case of permanent incorpor-

35 ation, as exists in the cured compres·sion-moulding 

compound, expensive protective measures relating to 

health and safety at work are however necessary for·the 

production of antimony-trioxide-containing compression­

moulding compounds. In addition, antimony trioxide which 
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is released during the processing, i.e. during the 
encapsulation of electronic 

• 
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components, and also in the event of fire or carboni­

zation or during recycling processes represents a high 

risk in the form of inhalable dust. 

Work has also already been carried out on the 

5 flame-resistant formulation of compression-moulding 

compounds without the use of halogen-containing flame 

retardants. For this purpose, German Offenlegungsschrift 

42 23 632 discloses a latently reactive, phenolically 

curable epoxy-resin moulding compound without halogen-

10 containing flame retardation, in whose production the 

following procedure is adopted. First of all, an isocya­

nate-group-free, latently reactive p:t"epolymeric epoxy­

resin mixture is produced in powdered form from a filler­

containing, thermally polymerizable reaction resin 

15 mixture of polyepoxy resin ~p (mixture of difunctional 

and multifunctional epoxy resins) and polyisocyanate 

resin IC (EP:J:C molar ratio > 1) using substituted 

imidazole as a reaction accelerator (concentration: 0.5 

to 2.5%, relative to EP) at reaction temperatures up to 

20 200°C. Said epoxy-resin mixture is then mixed with a 

powdered, filler-containing phenolic-resin mixture (molar 

ratio of epoxy groups to phenolic hydroxyl groups: 1:0.4 

to 1:1.1), optionally with the addition of additives. 

A disadvantage of this process is that, in the 

25 production of the prepolymeric epoxy-resin mixture, which 

is carried out, for example, by means of a continuously 

running reactor (in this connection, see German Offen­

legungsschrift 42 23 622), high contents of filler are 

necessary in order to "dilute" the reaction resin mix-

30 ture, i.e. to reduce its.reactivity and to be able to 

remove the heat of reaction released during the reaction 

of the polyepoxy resin with the polyisocyanate resin 

sufficiently quickly. In particular, without the presence 

of filler, the development of large amounts of heat which 

35 sets in spont~neously results in the decomposition of the 

material. The high filler content, however, considerably 

limits the breadth of variation in the industrial 

production of the prepolymeric epoxy-resin 
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mixture and, consequently, also of the epoxy-resin 

moulding compound, since any adaptation of the formula­

tion to the processing and moulded material properties 

already has to be established in compounding the reaction 

5 resin mixture (of polyepoxy res.in and polyisocyanate 

resin). In that case, however, a quick and flexible 

adaptation to the particular application purpose of the 

moulded materials is impossible. 

The object of the invention is to provide inex-

10 pensively accessible epoxy-resin· moulding compounds 

containing an epoxy-resin component and a hardener 

component which can be processed comparably with the 

epoxy-resin compression-moulding compounds used indus­

trially, are suitable for the encapsulation of electronic 

15 components and which yiel~ low-flammability moul~ed 

materials, i.e. moulded materials which can be classified 

V-0 according to UL 94, without antimony trioxide and/or 

halogen compounds, the epoxy-resin ·component having to be 

obtainable economically frompolyepoxy resin and polyiso-

20 cyanate resin without adding filler. 

25 

30 

35 

According to the invention, this is achieved in 

that the epoxy-resin moulding compounds contain the 

following components: 

an epoxy-resin component obtained from a solvent­

free reacti~n resin mixture of polyepoxy resin 

and polyisocyanate resin having a molar ratio of 

the epoxy groups to the isocyanate groups of 

1.1:1 to 4:1 ~t a reaction temperature of up to· 

220°C in the presence of a reaction accelerator 

in a concentration of 0. 5 to 2 . 5% and using 

triphenylphosphine oxide in a concentration of 

0.05 to 10%, relative in each case to the 

reaction resin mixture, 

a hardener component containing at least two 

phenolic hydroxyl groups per molecule, 

inorganic filler, 

and standard additives. 



95 p 3374 - 6 -

In particular, it was found, surprisingly, that 

the chemical reaction of the reaction resin mixture, i.e. 

the mixture of polyepoxy resin with polyisocyanate resin, 

which takes place wh~n a reaction accelerator is used, is 

5 delayed in the presence of triphenylphosphine oxide and 

is consequently controllable. This means, however,· that 

said reaction can also be carried out successfully in the 

absence of filler (and without solvent). In addition, the 

property spectrum of moulded materials obtained from 

10 phenolically cured epoxy moulding compounds which contain 

an epoxy-resin component of the said type and in which 

the filler is added only during the final formulation is 

not impaired by the addition of triphenylphosphine oxide. 

True, it has already been proposed to use tri-

15 phenylphosphine oxide as a~ additive for the flame­

resistant formulation of compression-moulding compounds 

based on phenolically curable cresol-novolak epoxy 

resins. The action of triphenylphosphine oxide as sole 

flame retardant is, however, apparently very small. In 

20 particular, either very high concentrations of triphenyl­

phosphine oxide are needed, for example 8 parts by mass 

of triphenylphosphine oxide in 110 parts by mass of 

compression-moulding compound, equivalent to 

approximately 7 .2% (published Japanese Patent Application 

25 61-127748), or the triphenylphosphine oxide has to be 

combined with a hydrated metal oxide, such as antimony 

pentoxide hydrate as synergist {published Japanese Patent 

Application 01-073651) • In addition, an accelerating 

effect on the crosslinking of epoxy resins with phenolic 

30 resins is ascribed to the triphenylphosphine oxide 

(published Japanese Patent Application 01-073651). 

WO 90/15089 discloses epoxy-terminated polyoxazo­

lidinones (ref erred to therein in simplified form as 

polyoxazolidones} which are produced, without high fill er 

35 concentrations, from reaction resin mixtures of polyepoxy 

resins and polyisocyanate resins at temperatures between 

110 and 200°C; in this process, the polyisocyanate resin 

is added to the accelerator-containing polyepoxy resin. 

However, in a process of this type, 
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a continuous procedure is impossib'ie, and in addition, 

. the low accelerator concentrations (between 0.01 and 2%, 

relative to the mixture of polyepoxy resin and polyiso­

cyanate resin) used require very long and, consequently, 

5 uneconomical reaction times. At high accelerator con­

centrations and at the high temperatures necessary for 

the reaction, on the other hand, the polyepoxy resin 

crosslinks to form an insoluble, infusible and, 

consequently, unusable product even before and during the 

10 addition of the polyisocyanate resin. The epoxy-termi­

nated polyoxazolidinones obtained in the way mentioned 

serve, as epoxy-resin components, solely to produce 

prepregs and laminates from solvent-containing mixtures 

containing aminic or phenolic hardener components. 

15 Tetrabromobisphenol A is us_ed for the flame-resistant 

formulation. 

The epoxy-resin component of the epoxy-resin 

moulding compo\inds according to the invention is, or 

contains, a prepolym.er having nitrogen-heterocyclic 

20 oxazolidinone and isocyanurate structures. The use of 

triphenylphosphine oxide in epoxy-resin components or 

moulding compounds of this type has, however, hitherto 

not been disclosed. The content of triphenylphosphine 

oxide in the moulding compounds is 0.01 to 2.3%, prefer-

25 ably 0.5 to 1.2% • 

. In the production of the epoxy-resin component 

(from the reaction resin mixture of polyepoxy resin and 

polyisocyanate resin), the concentration of triphenylpho­

sphine oxide is 0. 05 to 10%, preferably 2 to 5%. The 

30 · polyepoxy resin is advantageously a difunctional epoxy 

resin. The molar ratio of the epoxy groups to the 

isocyanate groups is 1.1 to 4, preferably 1.8 to 3. 

The epoxy-resin component can be produced in 

portions in duplex kneaders or, particularly advantage-

35 ously, continuously in suitably designed reaction ex­

truders. Prior to further processing, the epoxy-resin 

component is pulverized. 
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Advantageously, said component may also contain in 

addition solid, powdered epoxy resin, preferably of up to 

20% by mass. 

To produce the epoxy-resin moulding compounds, a 

5 phenolic hardener component is added to the epoxy-resin 

component. In this mixture, the ratio of the phenolic 

hydroxyl groups to the epoxy groups is advantageously 0.5 

to 1.1 and, preferably, 0. 7 to 0. 9. The epoxy-resin 

moulding compounds furthermore contain inorganic filler 

10 and standard additives. The content by mass of inorganic 

filler is generally 60 to 90%, preferably 70 to 85%. The 

additives, such as mould release agents and processing 

aids, are added in the standard, low concentrations. The 

addition of a curing accelerator is generally unnecessary 

15 since the reaction accelera~or contained in the epoxy­

resin component is also active during curing and, 

consequently, is able to serve as curing accelerator in 

the moulding compound. 

Suitable as polyepoxy resin are, in particular, 

20 difunctional epoxy resins, such as bisphenol A epoxy 

resins and bisphenol F epoxy resins, biphenyl bisglycidyl 

resins, naphthyl bisglycidyl resins and bisglycidyl 

hexahydrophthalate. Furthermore, higher functional epoxy 

resins, such as cresol-novolak and phenol-novolak epoxy 

25 resins, and also epoxy resins based on tetraglycidyldiam­

inodiphenylmethane, triglycidylisocyanurate,polyglycidy­

ldinaphthylmethane and triglycidyl triphenylmethane can be 

used. With the aid of these epoxy resins, it is possible, 

in particular, to raise the glass transition temperature 

30 of the moulded materials. The difunctional epoxy resins 

may be used individually or in the form of ·mixtures, it 

being possible for modified silicone epoxy resins to be 

used in mixtures even having isocyanurate structures (in 

this connection, see: European Patent Specification 0 399 

35 199) • The difunctional epoxy resins or suitable mixtures 

can furthermore be used· together with higher functional 

epoxy resins. 
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Suitable as polyisocyanate resin are, in parti­

cular, diisocyanatodiphenylmethane, toluylene diiso­

cyanate and naphthylene diisocyanate, and also their 

isomeric mixtures and polymeric isomeric mixtures of 

5 diisocyanatodiphenylmethane. Furthermore, trimeric 

toluylene diisocyanate is suitable as polyisocyanate 

resin. 

Preferably, 1,8-diazabicyclo[S.4.0]undec-7-ene 

(DBU) and substituted imidazoles, in particular l-methyl-

10 imidazole, 2-methylimidazole, 2-phenylimidazole, 2-ethyl-

4-methylimidazole, 1-benzyl-2-phenylimidazole and 

l-cyanoethyl-2-phenylimidazole serve as reaction 

accelerator. Furthermore, substituted phosphines, such as 

triphenylphosphine and tertiary amines, such as 1,4-

15 diazabicyclo[2.2.2]octane (D.1lBCO) are suitable. 

Suitable as hardener component containing at 

least two phenolic hydroxyl groups per molecule are, in 

particular, phenol novolaks, cresol" novolaks; biphenylols 

and alkylphenol-modified silicones or mixtures thereof. 

20 Preferably, mineral synthetic silica, in particu-

lar with splintery and/or spherical particle shape of 

various particle size distributions, serves as filler. 

Also suitable are thorium-free and uranium-free synthetic 

silica flours, and also wollastonite. However, ceramic 

25 fillers, such as aluminium oxide and fibrous fillers, 

such as short glass fibres, can also be used. The fillers 

can be used individually or in mixtures. 

Standard processing aids, such as internal mould 

release agents, for example montan wax, micronized 

30 polyethylenes, carnauba wax and metal salts of stearic 

acid, and pigments for colouring the materials, for 

example soot or titanium dioxide, are used as additives. 
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The epoxy-resin moulding compounds according to 

the invention {having halogen-free flame retardation) are 

prepared by mixing the powdered components in suitable 

mixing devices, in accordance with the formula propor-

5 tions. The mixtures are then homogenized in the molten 

state of the resin component and hardener component to 

form the epoxy-resin moulding compound in a further 

processing step on a roll 'mill or by extrusion, for 

example using a co-rotating twin-screw compounder, and 

10 then pulverized and pelletized by standard methods. 

Electronic components are encapsulated using the transfer 

moulding proc_ess, adapted to the respective technology, 

in the temperature range between 170 and 190°C with an 

injection time and curing time in the mould ·of 60 to 

15 .180 s. 

The invention will be explained in still greater 

detail by reference to exemplary embodiments. 

Examples 1 to 8 

Production of prepolymeric epoxy-resin components 

2 O The polyepoxy resin or polyepoxy- resin mixture 

specified in Table 1 is melted and introduced into the 

trough of a duplex kneader having low-wear kneader 

blades. The parts by mass specified in Table 1 of 

reaction accelerator, triphenylphosphine oxide and, 

25 optionally, additive (montan wax) are subsequently added 

and then mixed at room temperature. The parts by mass of 

polyisocyanate resin specified in Table 1 are added to 

this mixture and mixed in· for 5 min at room temperature, 

then the mixture is heated. This is done by·means of the 

30 heating jacket of the duplex kneader into which a heat 

transfer medium pre-heated to 225°C in a thermostat is 

pumped via a three-way valve. The com.pound becomes solid 

within 45 to 75 s and then melts again after approximate­

ly 10 min. Throughout the entire reaction time, the 

35 compound is agitated by the kneader blades. Once the 

compound has melted again, 
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the heating ciifcuit is disconnected and the trough is 

emptied onto a cooled aluminium .sheet. The prepolymeric 

epoxy-resin component obtained in this process is then 

ground to powder for further processing. The epoxy value, 

5 determined after adding 2-butanone/BCl by potentiometric 

back-titration in accordance with DIN 16 945 (see Table 

1) serves as characteristic value of the prepolymeric 

epoxy-resin component. The prepolymeric epoxy-resin 

component is stored at room temperature with the 

10 exclusion of moisture. 

Examples 9 and 10 

Production of prepolymeric epoxy-resin components by 

reaction extrusion 

+he production is carried out in all cases using 

15 60 times the quantity (in grams) of the parts by mass of 

the individual components specified in Table 1. For this 

purpose~ polyepoxy resin is mixed in a temperature­

controllable and evacuable mixing container and the 

mixture is then heated to 120°C while stirring at reduced 

20 pressure. Triphenylphosphine oxide is then added to the 

mixture in portions while stirring. Once the triphenylp­

hosphine oxide has completely dissolved, the mixture is 

cooled to 25°C and simultaneously degassed under reduced 

pressure (< 1 mbar). The reaction accelerator is intro-

25 duced into the cold compound. After homogenization, the 

mixture is fed at 25°C to a co-rotating twin-screw· 

compounder by a gear pump having a continuous material 

flow of 2.6 kg/h. Simultaneously, 0.65 kg/h of polyiso­

cyanate resin (Example 9) or 0. 705 kg/h (-Example 10), 

30 respectively, are dispensed into the twin-screw 

compounder using, a systolic pump. The screws of the 

compounder are constructed exclusively from conveyor 

components. The . screw length is 1080 mm and the outer 

screw diameter is 31.8 mm; the seven cylindrical zones of 

35 the compounder are heated to 200°C. The screw rotary 

speed is 
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20 min-1 which results in a material dwell time in the 

twin-screw compounder of 3 min~ 

The extrudate is discharged at a material tem­

perature of 190°C, cooled to 50°C by direct contact with 

5 a cooled slide plate and pelletized by a counter-roll on 

an adjoining elastic take-off belt. The compound produced 

in this process is then ground and sifted at room 

temperature to a particle size of < 200 µ.m by means of a 

fine impact grinder having grinding face and screen 

10 insert. The flowable, latently reactive, curable 

prepolymeric epoxy-resin component obtained is stored at 

room temperature with the exclusion of moisture. The 

epoxy value of the epoxy-resin components is cited in 

Table 1. 

15 Examples 11 to 19 

Production of epoxy-resin moulding compounds (epoxy-resin 

compression-moulding compounds) 

The corresponding amounts of pulverized hardener 

component, filler and additive {soot), relative to the 

20 parts by mass of the epoxy-resin component {EP component) 

specified in Table 2, are added in each case to 120 g of 

the prepolymeric epoxy-resin components 1 to 7, 9 and 10 

in a truncated-cone mixer. Vigorous mixing is then 

carried out for · 3 O min and the mixture obtained is 

25 homogenized within 2 to 3 min to form the epoxy-resin 

moulding compound on a roll mill .at temperatures between 

80 and 100°C, while melting takes place. · The cooled 

material is comminuted and pressed to form pellets having_ 

a mass of 60 g. The content of triphenylphosphine oxide 

3 0 or phosphorus in the moulding compounds is to be found in 

Table 2. 
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Example 20 

Production of an epoxy-resin moulding compound (epoxy­

resin compression-moulding com.pound) 

An additional epoxy resin (20.4 g), pulverized 

5 hardener (43.3 g), filler (300.8 g + 128.9 g) and addi­

tive (6.2 g of soot and 3.1 g of montan wax) are added to 

12 0 g of the prepolymeric epoxy- resin component 8 in a 

truncated-cone mixer. Vigorous mixing is then carried out 

for 30 min and the mixture obtained is homogenized within 

10 2 to 3 min to form the epoxy-resin moulding compound on 

a roll mill at temperatures between 80 and 100°C, while 

melting takes place. The cooled mass is comminuted and 

pressed to form pellets having a mass of 60 g. The 

content of triphenylphosphin~ oxide or phosphorus in the 

15 moulding compound is to be found in Table 2. 

Examples 21 to 27 

Production of moulded~material test pieces 

The pelletized epoxy-resin moulding compounds 11, 

13, 15 to 18 and 20 are processed to form moulded-

20 material panels of dimensions 150 x 90 x 1.6 mm3 using 

the transfer moulding process. For this purpose, the 

epoxy-resin moulding com.pound pre-heated to 90°C by means 

of high-frequency heating is injected in each case into 

the mould heated to 175°C at a pressure of 100 bars. The 

25 mould closing time (injection time and curing time in the · 

mould) is 90 s. The panels are then post-cured for 4 h at 

190°C. The test pieces required for the material tests 

are cut out of the moulded-material panels using a 

diamond-impregnated wire saw. 

30 The processing properties of the epoxy-resin 

moulding compounds and essential material properties of 

the epoxy-resin moulded materials are listed in Table 3. 

The viscosity of the epoxy-resin moulding compounds is 

determined at 175°C using a cone-and-plate device 
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(Rotovisko, supplied by the Haake company) • As a measure 

of the reactivity of the moulding eompounds or com­

pression-moulding compounds, the time is determined which 

is necessary to achieve a viscosity increase to 500 Pa•s 

5 at 175°C. Immediately after demoulding, the Shore D hard­

ness (DIN 53 505) is measured of the moulded-material 

panels at a temperature of 175°C. To determine the flame 

resistance, the flammability test is carried out in 

accordance with UL 94 V on test pieces with a layer 

10 thickness of 1. 6 mm. The glass transition temperature 

(TG) of the moulded materials is determined by means of 

thermomechanical analysis, and the linear coefficients of 

thermal expansion (a1 and a 2 ) below and ~ove the glass 

transition temperature, respectively) are determined in 

15 the same way. 

Example 28 

Encapsulation of electronic components 

To encapsulate electronic components in the form 

of integrated circuits mounted on lead frames, the epoxy-

2 O resin moulding compounds are pressed to form pellets 

having a diameter of 50 mm and a inass ·of 50 g under a 

pressure of 6 to 10 t/cm2 • The pellets are pre-heated to 

90°C using high-frequency heating and then injected into 

a mould pre-heated to 180°C for P-DIP-14 packages 

25 (plastic dual in-line ·package) into which a lead-frame 

strip with seven mounted integrated circuits has been 

inserted; the injection pressure is 70 bars and the 

injection time and the curing time in the mould is 120 s. 

The encapsulated components are then removed from the 

30 mould and postcured for 4 h at 190°C. The components are 

subsequently separated and the standard further process 

steps of final mounting are then carried out. 

Incidentally, no external mould release agent is used in 

the encapsulation of the electronic components. 
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Key to the tables 

Polyepoxy resin 

EP l: Bisphenol A bisglycidyl ether, epoxy value: 5.78 

mol/kg 

EP 2: 

EP 3: 

EP 4: 

EP 5: 

Bisphenol F bisglycidyl ether, epoxy value: 6.18 

mol/kg 

Tetraglycidyldiaminodiphenylmethane, epoxyvalue: 

8.76 mol/kg 

Biphenyl glycidyl resin, epoxy value: 5.30 mol/kg 

Silicone epoxy resin, epoxy value: 1.50 mol/kg 

Polyisocyanate resin 

IC 1: Diphenylmethane diisocyanate (isomeric mixture), 

isocyanate value: 8.90 mol/kg 

IC 2: 

Hardener 

H 1: 

H 2: 

Toluylene diisocyanate (isomeric mixture), isocy­

anate value: 11.50 mol/kg 

Cresol novolak, hydroxyl value: 7.95 mol/kg 

Phenol novolak, hydroxyl value: 8.90 mol/kg 

Reaction accelerator 

RB l: 

RB 2: 

Filler 

2-phenylimidazole 

1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) 

F l: Synthetic silica, spherical 

F 2: Synthetic silica, splintery 



Table 1 
\D 
U1 

Composition of halogen-free, flame-resistantly formulated, prepolymerio epoxy-resin td 

components (parts by mass) w 
w 
...:i 
ill-

Example 1 2 3 4 5 6 7 8 9 10 

EP 1 55.96 55.32 53.73 50.80 71.50 - 3.72 - 3.50 3.00 

EP 2 - - - - 4.00 70.88 70.78 - 70.00 64.00 

EP 3 18.75 18.53 18.00 17.01 -

EP 4 - - - - - - - 82.00 -

EP 5 1.50 1.50 1.50 1.50 

IC 1 20.58 20.35 19.77 18.69 - 27.00 
..... - - - - 0\ 

IC 2 - - - - 19.00 19.12 20.00 15.20 20.00 -

RB 1 1.00 1.50 1.50 2.00 - - - 1.00 

RB 2 - - - . - 1.00 1.00 1.00 - 1.00 1.00 

TPPO *) 1.21 1.80 4.50 9.00 4.50 9.00 4.50 1.80 5.50 5.oo. 

Montan wax 1.00 1.00 1.00 1.00 

Epoxy value **} 2~79 2.91 2.58 2.58 1.76 2.35 2.26 2.68 1.90 1.50 

*) Triphenylphosphine oxide 

**) Epoxy value of the prepolymerio epoxy-resin component in mol/kg 

.. ,':" .... • ······ -·-· ·- . ··~ ...... ~~·· ..... ·-



Table 2 
\0 
U'I 

'ti 

Composition of halogen-free,· flame-resistantly formulated epoxy-resin moulding compounds 
w 
w 
-.J 

(parts by mass) 
.,.. 

Example 11 12 13 14 15 16 17 18 19 20 

EP. component 1 2 3 4 5 6 7 9 10 8 

23.42 23.22 23.81 23.72 25.90 24.77 24.94 26.17 26.00 19.27 

Epoxy resin *) - - - - - - - - - 3.28 

H 1 6.58 6.78 6.19 6.18 - - - - 4.00 6.95 

H 2 - - - - 4.10 5.23 5.06 3.83 
1-1 

F 1 48.30 48.30 48.30 48.30 48.30 48.30 48.3-0 48.30 48.30 48.30 -.J 

F 2 20.70 20.70 20.70 20.70 20.70 20.70 20.70 20.70 20.70 20.70 

Soot 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Montan wax - - - - - - - - - 0.50 

TPPO content **) 0.28 0.42 1.07 2.13 1.11 2.23 1.12 1.44 1.30 0.35 

P content ***) 0 .• 03 0.05 0.12 0.24 0.13 0.25 0.13 0.16 0.14 0.04 

*) Naphthyl glycidyl resin (epoxy value: 5.93 mol/kg) 

**) Triphenylphosphine oxide content of moulding compound in % 

***) Phosphorus content of the moulding compound in % 
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Table 3 

Processing properties of epoxy-resin moulding compounds and material properties of halogen­

free, flame-resistant epoxy-resin moulded materials 

Example 

Epoxy-resin moulding compound 

Processing properties 

Viscosity (at 175°C) in Pa•s. 

Reactivity (at 175°C) in s 

Shore D hardness (on demoulding) 

Material properties 

Flame-resistance classif.ication 

according to UL 94/1.6 mm 

Sum of burning times in s *) 

Glass transition temperature [°C] 

Linear coefficient of thermal expansion a 1 

[10· 6 /K] 

Linear coefficient of thermal expansion a 2 
[10- 6 /K] 

·/. = value was not determined 

*) 10 flame treatments for 10 s each time 
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Patent Claims 

1. Flam~~resistantly formulated, flowable, latently 

reactive, phenolically curable epoxy-resin moulding 

compounds for the encapsulation of ·electronic components, 

5 characterized by 

10 

15 

an epoxy-resin component obtained from a solvent­

free reaction resin mixture of polyepoxy resin 

and polyisocyanate resin having a molar ratio of 

the epoxy groups to the isocyanate groups of 

1.1:1 to 4:1 at a reaction temperature of up to 

220°C in the presence of a reaction accelerator 

in a concentration of 0. 5 to 2. 5% and using 

triphenylphosphine oxide in a concentration of 

0.05 to 10%, relative in each case to the reac-

tion resin mixture, 

a hardener component containing at least two 

phenolic hydroxyl groups. per molecule, 

inorganic filler 

and standard additives. 

2 O 2 . Epoxy- resin moulding compounds according to Claim 

1, characterized in that the polyepoxy resin is a difunc­

tional epoxy resin. 

3. Epoxy-resin moulding compounds according to Claim 

1 or 2, characterized in that the concentration of 

25 triphenylphosphine oxide, relative to the reaction resin 

mixture, is 2 to 5%. 

4. Epoxy-resin moulding compounds according to one 

of Claims 1 to 3, characterized in that the epoxy-resin 

component additionally contains a solid epoxy resin, 

30 preferably up to 20% by mass. 

5 • Epoxy·- resin mouiding compounds according to one 

or more of Claims, 1 to 4, characterized 
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in that the molar ratio -of the epoxy groups to the 

isocyanate groups is 1.8:1 to 3:1. 

6. Epoxy-~esin moulding compounds according to one 

or more of Claims 1 to 5, characterized in that the molar 

5 ratio of the phenolic hydroxyl groups of the hardener 

component to the epoxy groups of the epoxy-resin compo­

nent is 0.5:1 to 1.1:1, preferably 0.7:1 to 0.9:1. 

7. Epoxy-resin moulding compounds according to one 

or more of Claims 1 to 6, characterized in that the 

10 hardener compound is a phenol novolak or a cresol novol­

ak. 

8. Epoxy-resin moulding compounds according to one 

or more of Claims 1 to 7, characterized in that the 

content by mass of inorganic filler is 60 to 90%, prefer-

15 ably 70 to 85%. 

9. Epoxy-resin moulding compounds according to one 

or more of Claims 1 to 8, characterized in that the 

filler is synthetic silica. 

10. Epoxy-resin moulding compounds according to one 

20 or more of Claims 1 to 9, characterized in that the 

reaction accelera.tor is a substituted imidazole or 1, 8-

diazabicyclo [5 .4. OJ undec_-7-ene. 


