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Epoxy resin casting composition

The present invention relates to an epoxy resin casting composition containing calcite and
wollastonite as fillers and which is suitable for use in particular for coating or
encapsulating electrical or electronic components and, more particularly, electrical
ignition coils.

Epoxy resin casting compositions for coating or encapsulating electrical or electronic
components are known. EP-A-0 348 193, inter alia, discloses an epoxy resin casting
composition loaded with an inorganic filler for encapsulating ignition coils and, in
addition, a polyether polyol to prevent, in particular, corrosion of the coil and of the
winding. However, polyether polyols have the drawback of lowering the glass transition
temperature (Tg value) of the epoxy resin casting composition.

DE-OS 32 29 558 discloses epoxy resin casting compositions loaded with chalk for
impregnating or casting electrical components. However, while the cured epoxy resin
casting compositions have a higher Tg value, they are often too brittle and do not meet the
requirements made of them when subjected to the temperature shock test. Moreover, they
comprise a blend of aromatic and cycloaliphatic epoxy resin which may lead to
toxicological problems.

The epoxy resin casting compositions disclosed in EP-A-0540 467 containing quartz
powder as filler and a polyether polyol, also do not meet the requirements when subjected
to the temperature shock test.

Surprisingly, it has now been found that the above-mentioned drawbacks of an epoxy resin
casting composition based on aromatic glycidyl ethers may be avoided by adding to this
composition a filler mixture cortatning calcite and wollastonite in specific amounts.

Aceordingly, the object of this invention is to provide an epoxy resin casting composition
comprising

(aj a liquid aromatic glycidyl or f-methylglycidy! ether or a liquid mixture of several
aromatic glycidyl or §-methylglycidyl ethers containing on average more than one
glycidyl ether group per molecule,

(b) one or more than one acid hardener Jfor the glycidyl ether,

(¢} a curing accelerator,
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(d) a filler mixture containing calcite and wollastonite in an amount from 40 to 60% by
weight, based on components (a) and (b) and, as optional components,
(e) customary additives for epoxy resin casting compositions.

Suitable components (a) are all aromatic glycidyl or B-methylglycidyl ethers as well as
mixtures of several aromatic giycidyl or B-methylglycidyl ethers, provided they remain
liguid at temperatures of up o C. 50°C. This means that it is also possible to use mixtures
of liquid and solid glycidyl or p-methylglycidyl ethers as well as mixtures of mono- and
di(p-methyl)glycidyl ethers or of mono- and poly(f-methyl)glycidyl ethers, provided that
a liquid mixture is obtained for component (a) and that the glycidyl compounds in this
mixture contain on average more than one glycidyl group in the molecule.

Such glycidyl ethers are known and are obtainable, for example, by reacting a compound
containing at least one or more than one free phenolic hydroxyl group with
epichlorohydzin or B-methylepichlorohydrin under alkaline conditions or in the presence
of an acid catalyst and by subsequent treatment with alkali.

The glycidyl ethers of this type are typically derived from mononuclear phenols, typically
from phenol, 2-methylphenol, 4-tert-butylphenol, resorcinol or hydroquirione, or they are
based on polynuclear phenols, typically bis(4-hydroxyphenyl)methane, 4,4'-dihydroxy-
biphenyl, bis(4-hydroxyphenyl)sulfone, l,l,2,2~ten'akis(4-hydroxyphenyl)emane.
2,2-bis(4-hydroxyphenyl)propane, 2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane, as well
as the novolaks obtainable by condensation of aldehydes, typically formaldehyde,
acetaldehyde, chloral or furfuraldehyde, with phenols such as phenol, or with phenols
substituted in the nucleus by one or more than one chlorine atom or by one or more than
one C,-Cgalkyl group, for example 4-chlorophenol, 2-methylphenol or 4-tert-butylphenol,
or by condensation with bisphenols such as those of the indicated type.

It is preferred to use glycidyl ethers having an epoxy content from 1 to 10 equivalents/’kg
for the novel epoxy resin casting compositions.

Component (a) of the intventive epoxy resin casting compositions is preferably a liquid
diglycidyl ether of bisphenol A or liquid diglycidyl ether of bisphenol F.

Suitable components (b) are usually the polycarboxylic acids and the anhydrides thereof,
typically aliphatic polycarboxylic 4cids such as maleic acid, oxalic acid, succinic acid,
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nonyl- or dodecylsuccinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid,
azelaic acid or dimerised or trimerised linoleic acid, cycloaliphatic polycarboxylic acids
such as tetrahydrophthalic acid, methylenedomethylenetetrahydrophthalic acid,
hexachloroendomethylenetetrahydrophthalic acid, 4-methyltetrahydrophthalic acid, hexa-
hydrophthalic acid, or 4-methylhexahydrophthalic acid, or aromatic polycarboxylic acids
such as phthalic acid, isophthalic acid, terephthalic acid, trimellitic acid, pyromellitic acid
or benzophenone-3,3’,4,4’-tetracarboxylic acid, as well as the anhydrides of the cited
polycarboxylic acids.

Compenent (b) of the novel epoxy resin casting compositions is preferably a
polycarboxylic anhydride.

In particular, component (b) of the novel epoxy resin casting compositions is a
cycloaliphatic polycarboxylic anhydride.

The amount of the hardener (b) will depend on the chemical nature of the hardener and on
the desired properties of the curable mixture and the hardened product. Typically from 0.4
to 1.1 equivalents of carboxyl group or anhydride group are used per 1 epoxy equivalent of
the glycidyl ether (a).

Suitable curing accelerators (c) are typically tertiary amines or the salts thereof, such as
2,4,6-tris(dimethylaminoethyl)phenol and other Mannich bases, N-benzyldimethylamine
and triethanolamine, imidazoles, e.g. 1-methylimidazole, quaternary ammonium salts,
e.g. benzylrimethylammonium chloride, alkali metal alkoxides or phosphonium salts, e.8.
tetraphenylphosphonium bromide. .

Component (c) of the inventive epoxy resin casting composition is preferably a tertiary
amine, a quaternary ammonium salt, an imidazole or a phosphonium salt.

In its pure form, the calcite used in the novel epoxy resin casting composition as filler
consists of colourless transparent crystals and is commercially available in various particle
sizes. The epoxy resin casting compositions of this invention preferably contain & calcite
having & particle size of less than 10 pm.

The wollastonite used as further filler in the inventive epoxy fesift casting compositions is
a naturally occuring calcium silicate of formula Ca,{SisOo] of needle-like shape and
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having a particle size in the micron range. The artificially manufactured wollastonite is
also of needle-like shape, Wollastonite is commercially available, e.g. from Oy Partek.

The filler mixture (d) of the novel epoxy resin casting compositions preferably has a
particle size of less than 25 um. More particularly, this filler mixture (d) has a particle size
of less than 20 pm.

Customary additives (e) for epoxy resin casting compositions which may be added to the
novel epoxy resin casting compositions are further fillers such as quartz powder,
aluminium hydroxide, aluminium oxide, calcium carbonate, further calcium silicates,
mica, glass fibres, glass powder or dolomite, pigments or dyes such as titanium oxide,
carbon black or iron oxide black, flame retardants, thixotropic agents, flow control agents
such as silicones, silicone oil, waxes or stearates, some of which also find utility as mould
release agents, e.g. y-glycidyloxipropyltrimethoxysilane, antioxidants or light stabilisers,
the amount of additives in the inventive epoxy resin casting compositions being altogether
not more than 10% by weight, based on components (a) and (b).

Component (e) of tlie novel epoxy resin casting compositions is preferably a sheet silicate
modified by a quaternary organic ammonium sait, more particularly based on the mineral
clay bentonite, commercially available. under the registered trademark Bentone®, supplied
by NL Chemicals.

The novel epoxy resin casting compositions can be prepared in conventional manner by
mixing the components with known mixing aggregates, typically stirrers, kneaders or roll
mills.

The epoxy resin casting compositions of this invention have very good impregnating as
well as antideposition and deaerating properties. The ignition coils encapsulated with the
novel epoxy resin casting compositions typically show excellent impregnation of the fine
wire winding of the secondary coil.

The novel epoxy resin casting compositions can be cured in known manner by heating.
The heating step can also be carried out stepwise. Curing is usually effected by heating to
the temperature range from 80 to 200°C, preferably from 100 to 180°C.

‘The components encapsulated with the fully cured novel epoxy resin casting compositions
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are distinguished by high resistance to thermal ageing and good tear resistance, in
particular in the durability test and in the temperature shock test.

By virtue of their excellent stability to thermal and mechanical stress, the fully cured
novel epoxy resin casting compositions are particularly suitable for utilities in vacuum
casting resin technology and, more particularly, for encapsulating electrical or electronic
components.

Accordingly, the invention also relates to the use of the novel epoxy resin casting
compositions for encapsulating electrical or electronic components and, in particular, for
encapsulating electrical ignition coils.

Example 1

34.15 g of liquid diglycidyl ether of bisphenol A (epoxy value from 5.2to 5.4
equivalent/kg; viscosity from 1000 to 1200 mPa-s), 0.05 g of silicone oil (Silicone SH
5500, supplied by Toray Industries), 0.3g of y-glycidyloxipropyltrimethoxysilane (Silan®
A-187, supplied by Union Carbide Chemicals) and 0.5 g of iron oxide black are mixed. To
this mixture are added, as fillers, in increments and with stirring, 24.9 g of calcite having
a particle size from 5-7 um, density S0% (Juraweiss, Gelbsiegel, supplied by Ulmer
Filllstoffvertrieb), 40 g of wollastonite (Wollastonit FW 200, supplied by Oy Partek) and
0.1gof Bentone® SD-2 (bentonite which is modified by a quaternary organic ammonium
salt, supplied by NL Chemicals). The loaded epoxy resin is blended with 28.83 g of
methylhexahydrophthalic anhydride and 0.17 g of I-methylimidazole to give a low
viscosity reaction resin composition (RRC) as casting resin, having the following

properties:
viscosity at 60°C (DIN 16945) = 500 mPa-s
gel time at 90°C (DIN 16945) = 60 min.

Before the ignition coils are encapsulated with the casting resin, they are preheated to

above 100°C over at least 2 hours and then evacuated at 1 mbar for 2 minutes. The RRC is

degassed in & storage vessel at 60°C and 1 mbar. The ignition coils are then encapsulated

in known manner by the vacuum casting technique at 4 mbar. Subsequently, the

encapsulation of the ignition coils is cured in an oven, first at 00°C for 1.5 hours and then

at 120°C for a further 2 hours. The mouldings so obtained have the following ptoperties:
glass transition temperature (DSC*) = 135-140°C
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flexural strength (ISO 178) =90 N/mm?
modulus of elasticity (ISO 178) = 7600 N/mm?
flexural elongation (ISO 178) = 1.4%

linear thermal coefficient

of expansion (TMA**) = 40 ppm/K.

*) DSC = differential scanniﬁg calorimeter
*¥) TMA = thermomechanical analysis

The ignition coils encapsulated with the fully cured casting resin withstand the following
tests:
temperature shock test, after one hour from -40°C to 120°C and after one hour from
120°C to -40°C over 400 cycles, i.e. over 800 hours.
Durability test at 140°C ambient temperature over more than 1000 hours.

If the ignition coils encapsulated with the fully cured casting resin are cut througli and the
cut surfaces are then polished, it is found that the windings of the primary and segondary
coils are completely impregnated with the casting resin.

Example 2

34.15 g of a liquid diglycidyl ether of bisphenol F (epoxy value from 5.5t0 5.8
equivalents/kg), 0.05 g of silicone oil (Silicone SH 5500, supplied by Toray Industries),
0.3 g of y-glycidyloxipropyltrimethoxysilane and 0.5 g of iron oxide black are mixed. To
this mixture are added, as fillers, in increments and with stirring, 24.9 g of calcite having a
particle size from 5 to 7 pm (Juraweiss), 40.0 g of wollastonite FW 200 and 0.1 g of
Bentone® SD-2. The loaded epoxy resin is blended with 29.82 g of methylhexa-
hydrophthalic anhydride and 0.18 g of 1-methylimidazole to give a low viscosity reaction
resin composition as casting resin, having the following properties:

viscosity at 60°C (DIN 16945} = 350 mPa-s
gel time at 90°C (DIN 16945) = 55 niin.

The ignition coils are encapsulated with the casting resin in general accordance with the
technology employed in Example 1. The mouldings so obtained have the following
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properties:
glass transition temperature (DSC) =130-135°C
flexural strength (ISO 178) = 100 N/mm?
modulus of elasticity (ISO 178) = 7500 N/mm?
flexural elongation (ISO 178) = 1.4%
linear thermal coefficient of
expansion (TMA) = 40 ppm/K.

The ignition coils encapsulated with the casting resin withstand the tests described in
Example 1 and show complete impregnation of the windings.

Example 3

34.15 g of a liquid diglycidyl ether of bisphenol A (epoxy value from 5.2 to 5.4
equivalents/kg), 0.05 g of silicone oil (Silicone SH 5500, supplied by Toray Industries),
0.3 g of y-glycidyloxipropyltrimethoxysilane and 0.5 g of iron oxide black are mixed. To
this mixture are added, as fillers, in increments and with stirring, 40.0 g of calcite having a
particle size from 5 to 7 um (Juraweiss), 24.9 g of wollastonite FW 200 and 0.1 g of
bentone® SD-2. The loaded epoxy resin is blended with 29.82 g of methylhexahydro-
phthalic anhydride and 0.18 g of 1-methylimidazole to give a low viscosity reaction resin
composition as casting resin, having the following properties:

viscosity at 60°C (DIN 16945) = 400 mPa-s

gel time at 90°C (DIN 16945) = 55 min.

The ignitien coils are encapsulated with the casting resin in general accordance with the
technology employed in Example 1. The mouldings so obtained have the following

properties:
glass transition temperature (DSC) = 130-135°C
flexural strength (ISO 178) = 100 N/mm?
modulus of elasticity (ISO 178) = 7500 N/mm?
flexural elongation (ISO 178) = 1.4%
linear thermal coefficient of
expansion (TMA) = 40 ppm/K.

The ignition coils encapsulated with the casting resin withstand the tests described in
Example 1 and show complete impregnation of the windings. In addition, the cured
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casting resin composition shows no sedimentation whatever and the fillers are
homogeneously distributed throughout the encapsulation, as may be found by determining
the ash content of samples taken from different sites of the encapsulation.

Example 4

34.45 g of a liquid diglycidyl ether of bisphenol A (epoxy value from 5.2t0 5.4
equivalents/kg), 0.05 g silicone oil (Silicone SH 5500, supplied by Toray Industries) and
0.5 g of colour paste, commercially available under the registered trademark
Araldite®DW 0137, supplied by Ciba-Geigy, are mixed. To this mixture are added, as
fillers, in increments and with stirring, 40.0 g of calcite having a particle size from 5 to 7
um (Juraweiss), 24.8 g of wollastonite FW 200 ari¢ 0.1 g of bentone® SD-2. The loaded
epoxy resin is blended with 20.18 g of hexahydrophthalic anhydride, 8.65 g of
methylhexahydrophthalic anhydride and 0.17 g of 1-methylimidazole to give a low
viscosity reaction resin composition as casting resin, having the folléwing properties:

viscosity at 60°C (DIN 16945) = 450 mPa-s

gel time at 90°C (DIN 16945) = 60 min.

The ignition coils are encapsulated with the casting resin in general accordance with the
technology employed in Example 1. The mouldings so obtained have the following

properties:
glass transition temperature (DSC) = 135-140°C
flexural strength (ISO 178) = 95 N/mm?
modulus of elasticity (ISO 178) = 7600 N/mm?
flexural elongation (ISO 178) = 1.4%
linear thermal coefficient of
expansion (TMA) = 40 ppm/K.

The ignition coils encapsulated with the fully cured casting resin withstand the following
tests:
temperature shock test, after one hour from -40°C to 120°C and after one hour from

120°C to -40°C over 600 cycles, i.e. over 1200 hours.
Durability test at 140°C ambient temperature ovet more than 2000 hours.
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On cutting through the ignition coils encapsulated with the fully cured casting resin and
polishing the cut surfaces, it is found that the windings of the primary and secondary coils
are completely impregnated with the casting resin. The fully cured casting resin
composition shows a homogeneous distribution of the fillers as may be found by
determining the ash content of different samples of the moulding.
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What is claimed is

1. An epoxy resin casting composition comprising

(a) a liquid aromatic glycidyl or B-methylglycidyl ether or a liquid mixture of several
aromatic glycidyl or B-methylglycidyl ethers containing on average more than one
glycidyl ether group per molecule,

(b) one or more than one acid hardener for the glycidyl ether,

(c) a curing accelerator,

(d) a filler mixture containing calcite and wollastonite in an amount from 40 t0 60% by
weight, based on components (a) and (b) and, as optional components,

(e) customary additives for epoxy resin casting compositions.

2. An epoxy resin casting composition according to claim 1, wherein con:ponent (a) is a
liquid diglycidyl ether of bisphenol A or a liquid diglycidyl ether of bisphenol F.

3. An epoxy resin casting composition according to claim 1, wherein component (b) is a
carboxylic anhydride.

4. An epoxy resin casting composition according to claim 1, wherein component (b) is a
cycloaliphatic carboxylic anhydride.

5. An epoxy resin casting composition according to claim 1, wherein component (c) is a
tertiary amine, a quaternary ammonium salt, an imidazole or a phosphonium salt.

6. An epoxy resin casting composition according to claim 1, wherein the filler mixture (d)
has a particle size of less than 25 um.

7. An epoxy resin casting composition according to claim 1, wherein the filler mixture (d)
has a particle size of less than 20 pm.

8. An epoxy resin casting composition according to claim 1, wherein component (e)
contains 4 sheet silicate which is modified by a quaternary organic am: ~nium salt.

9. Use of a composition according to claim 1 for encapsulating electrical or electronic
components.
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10. Use of a composition according to claim 1 for encapsulating electrical ignition

coils.
11. An epoxy resin casting composition, substantially as hereinbefore described

with reference to any one of tliec examples.
5 12. An electrical or electronic component encapsulated with a cured composition

according to any one of claims 1 to 8 or 11.
13. An electrical ignition coil encapsulated with a cured composition according to

any one of claims 1 o 8 or 11.

Dated 30 January, 1997
10 Ciba SC Holding AG

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON

in\libe 101677 MEF
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