
EP 0 273 500 B1 Description The invention relates to polyamide moulded
articles consisting of a plurality of layers. Such moulded articles are
known from JP-A-56008239, which describes a production process in which a
preform of a 5  thermoplastic resin is introduced into a mould, which is
subsequently after-filled with the resin. Either the preform or the
after-filled resin contains fibrous reinforcement. The preferred
thermoplastic resins men- tioned are polyamides such as nylon [err]nylon
6,6, nylon 6,10, nylon 6,12, nylon 11 and nylon 12, polyesters, polyolefins
and polystyrenes. Reinforcing fibrous materials are glass fibre, carbon
fibre, asbestos fibre, metal fibre, aromatic polyamide fibre, etc. The
products obtained have a good rigidity and a 10 smooth surface.
Technological progress implies that users will make higher and higher,
combined in many cases with more and more, demands on products they want to
use. Thus the use, for instance, in the automotive industry requires, in
addition to rigidity and smooth surface, a high impact resistance, a
continuously improved temperature resistance and in many cases a 15 good
paintability or metallizability. In electronics dimensional stability at
fluctuating temperatures and a sometimes very good adhesion of metal layers
plays a special part, in addition to rigidity and smooth surface, and in
the lighting industry where, owing to miniaturization, smaller and smaller
and Increasingly complex forms of reflectors are required, which must
consequently also have an improved temperature resistance and dimensional
stability, the processability plays a major part, in addition to the
metallizability of 20 the surface. The polyamide multi-layer moulded
articles with fibrous reinforcement as described in JP-A-56008239 cannot
properly satisfy these Increased and combined demands. For that reason the
object of the invention is to develop a multi-layer moulded article, which
can be obtained in a simple conventional manner, which meets the
requirements in respect of rigidity and 25 smoothness of surface as known
from the state of the art and which also has an improved dimensional
stability while retaining Impact resistance, a higher temperature
resistance and an improved adhesion for metal layers or paints. After
intensive research it has now been found that by applying the polyamide
nylon 4,6 as thermoplas- tic resin and a non-fibrous filler instead of
fibrous reinforcing materials a multi-layer moulded article is 30 obtained
that complies with these increased and combined demands. The multi-layer
polyamide moulded article according to the invention comprises a
filler-reinforced polyamide layer covered on at least one side with a
non-reinforced polyamide layer, characterized in that a. the polyamide is
substantially composed of tetramethyleneadipamide units b. the filler is
predominantly non-fibrous. 35     The filter may in principle have all
forms, such as the form of a powder, globules, non-rounded particles, small
plates and even small bars, the length: width ratio being not higher than
10: 1, preferably smaller than 3 : 1. Filler in the form of fibres must be
avoided, because otherwise, owing to anisotropic effects, generally no
homogeneous dimensional stability is obtained. A minor amount of fibrous
material (i.e. less than 50% (wt) preferably less than 30 % (wt) of the
total amount of fillers) is permissible Indeed 40  provided, owing to the
presence of the other fillers, the anisotropic effect by the presence of
the fibrous material in, for instance, the injection moulding of moulded
parts is sufficiently disturbed the to the presence of an excess of
non-fibrous fillers. The filler preferably consists of powdery,
plate-shaped or spherical material. Highly suitable fillers are talcum,
mica and lime. The concentration of the filler in the filler-containing
layer may vary within very wide limits, for instance 45  between 10 and 80%
(wt) calculated on the total weight of the layer. The content is preferably
between 25 



and 60% (wt). Depending on the filler used, the best result is achieved
with a content between 35 and 55% (wt). The polyamide according to the
invention may be a homopolyamide, a copolyamide or a polyamide mixture and
is substantially composed of tetramethylene-adipamide units, for instance
at least 75% of the 50  number of units, preferably the number of
tetramethyleneadipamide units amounts to more than 85%; even more
advantageous is a content of at least 90% tetramethyleneadipamide units.
The best results are achieved with homopolymer. There Is generally no
restriction as to the copolymerization component or to the blend component,
and for instance all known amide-forming subtances can be used. Examples of
copolymerization components are amino acids, lactams, diamines arid
dicarboxylic acids. Examples of 55 blend components are the polyamides
formed from the above-mentioned copolymerization components. However, other
monomers, too, and polymers formed from these, for instance ester-forming
monomers, respectively polyester can be applied. The polyamide
substantially composed of tetramethyleneadipamide units can be obtained in
various 2    EP 0 273 500 B1 ways known per se. Preferred preparation
processes are described in, inter alia, US-A-4408036 and US-A- 4460762. The
degree of polymerization of the polyamide is not limited and in the
reinforced layer it is usually such that the relative viscosity measured on
a solution of 1 gram in 100 ml 96%-(wt) sulphuric acid Is at least 2.0,
preferably at least 2.5. The degree of polymerization of the polyamide in
the non-filled layer 5 may be lower, if so desired, for instance resulting
in a relative viscosity of 1.5. The upper limit of the degree of
polymerization is usually determined by the processability of the polyamide
and generally corresponds with a relative viscosity of 6.0. The polyamide
for the reinforced and for the non-reinforced layer may contain different
additives, depending on Its further requirements to be imposed by its
application. Such additives may be lubricants, 10 pigments, colourants,
flame retardants, stabilizers, etc. It is advantageous to add additives
like pigments, colourants and stabilizers to the non-reinforced polyamide
layer only if it is exposed. It is particularly advantageous to
incorporate, for instance, metallic additives that serve to provide
protection against electromagnetic radiation into the non-reinforced layer
only. Especially for uses for which a high notched Impact resistance is
required the best results are achieved 15 if an impact modifier is added to
the non-reinforced exposed layer. Impact modifiers known for polyamide
applications include carboxylated olefin (co)polymers. The thickness and
number of the various. layers of the moulded article according to the
invention is not limited. Generally the thickness of the non-filled layers
will be lower than that of the filled ones. The moulded articles according
to the invention can be obtained with various processes known per se, 20
such as injection moulding, moulding, rolling, etc. The invention will now
be further elucidated by means of the following examples without, however,
being limited thereto. Polyamide 4,6, [err], [err] = 3.2 of DSM, the
Netherlands, and Polyamide 6,6, [err] = 2.9 of Teijin, Japan, are used in
the examples. 26 Example I On test bars obtained by multi-layer injection
moulding, with a total thickness of 3.2 mm, the 2.0-mm- thick layer of
which contains reinforcing fillers and the outer layers are otherwise
non-filled and 0.6 mm thick, the following characteristics were determined.
Table 1 shows the outcome of these measurements. 



30     The test bars showed a smooth surface. Comparative example 1
Experiments 1 and 7 are repeated, but instead of polyamide 4,6 polyamide
6,6 is used (exp. 9 and 10). 35    It is clear that rigidity and impact
resistance fall short of the experiments in which polyamide 4,6 was used.
Example II and comparative example 2 40     A filled strip of polyamide
obtained by extrusion having a thickness of 1.5 mm and a width of 6 cm is
hot-pressed with an equally wide 0.5-mm-thick non-filled strip of the same
polyamide in a flat shape to form plates of a thickness of about 2.0 mm and
6 x 6 cm. The plates have smooth surfaces. Of these plates the coefficient
of thermal expansion is compared in two directions. 46 50 55 3    EP 0 273
500 B1 polyamide           4,6             6,6  .           4,6 5   fitted
layer         glass fibre    glass fibre    glass fibre/clay 40% (wt)
40% (wt)        20% (wt)/35% (wt) 10 coefficient of expansion Cx
[err]/[err] machine direction      3               3                3
perpendicular to machine direction      6               7
3.5 20 This clearly shows the superior dimensional stability of the
composition according to the invention. 25 30 35 40 45 50 56 4    EP 0 273
500 B1 experiment no.            1     2     3     4     5      6     7
8     9      10 5 non-fitted Layer         PA46  PA46  PA46  PA46  PA46
PA46  PA46  PA46  PA66  PA66 impact modifier **
10%   10%  20%    20%           20% 



fiLLed Layer              40%   40%   40%   40%  40%   40%   40%   40%
40%   40% fiLLer                   mica  clay  mixt. talcum mica ctay  mica
clay  mica  mica glass 15                                     + cLay* Tensi
Le modulus ***   [err]      8075  5000  5760  6060  7775  4700  7350  4470
8450  8030 HDT 1.8 MPa **** [err]   260   238   264   254   244   220   238
213   226   212 20 Coeff. of exp.              3     5     3     4    3.5
4      4     4   4.5   5.5 *[err]       [err] Izod notched ***** [err]  7.5
8      7.5   7   15      14    24    22   4.5  18 25   impact resistance *
glass fibre/clay weight ratio   2: 3.5 30   **       Keltaflex K [err] a
carboxyLated [err] product of DSM, The NetherLands IS0 R 527 ****     IS0
75 *****    ASTM D 256 35 Claims Claims for the following Contracting
States: AT, BE, CH, DE, FR, GB, GR, IT, LI, NL, SE 40 1. Multi-layer
polyamide moulded article comprising a filler-reinforced polyamide layer
covered on at least one side with a non-reinforced polyamide layer,
characterized in that a. the polyamide is substantially built up of
tetramethyleneadipamide units, b. the filler is predominantly non-fibrous,
having a length: width ratio not higher than 10:1. 45 2. Multi-layer
polyamide moulded article according to claim 1, characterized in that the
filler is chosen from the group of powdery, spherical or plate-shaped
particles. 3. Multi-layer polyamide moulded part according to claim 1,
characterized in that the filler content of the so     filler-containing
layer is between 10 and 80% of the total weight of the layer. 4.
Multi-layer polyamide moulded article according to claim 3, characterized
in that the filler content of the filler containing layer is between 35 and
55% (wt). 55  5. Multi-layer polyamide moulded article according to claim
1, characterized in that the content of tetramethyleneadipamide units in
the polyamide is at least 75%. 6. Multi-layer polyamide moulded article
according to claim 5, characterized In that the content of    EP 0 273 500
B1 *   C    L  M   S  * experiment no.            1     2     3     4     5
6     7     8    9      10 5 non-fitted layer        PA46 PA46  PA46  PA46
PA46  PA46  PA46  PA46  PA66  PA66 impact modifier **
10%   10%   20%   20%           20% 10 



fitted layer              40%   40%   40%   40%  40%   40%   40%   40%
40%   40% fitter                   mica  clay  mixt. talcum mica clay  mica
clay  mica  mica glas 15                                      + clay*
Tensile moduls ***   [MPa]      8075  5000  5760  6060  7775  4700  7350
4470  8450  8030 HDT 1.8 MPa **** [err]]    260   238   264   254  244
220   238   213   226   212 20 Coeff. of exp.              3     5     3
4    3.5    4      4     4   4.5   5.5 * [err]        [err] Izod notched
***** [kJ/[err]] 7.5   8      7.5   7   15      14    24    22   4.5  18 25
impact resistance *        glass fibre/clay weight ratio   2   3.5 30   **
KeLtaf Lex K 35R a carboxyLated EPDM product of DSM, The Netherlands ISO R
527 ISO 75 *****    ASTM D 256 35 Claims Claims for the following
Contracting States: AT, BE CH, DE, FR, GB, GR, IT, LI, NL, SE 40 1.
Multi-layer polyamide moulded article comprising a filler-reinforced
polyamide layer covered on at least one side with a non-reinforced
polyamide layer, characterized in that a. the polyamide is substantially
built up of tetramethyleneadipamide units, b. the filler is predominantly
non-fibrous, having a length: width ratio not higher than 10:1 45 2.
Multi-layer polyamide moulded article according to claim 1, characterized
in that the filler is chosen from the group of powdery, spherical or
plate-shaped particles. 3. Multi-layer polyamide moulded part according to
claim 1, characterized in Ihat the filler content of the 50
filler-containing layer is between 10 and 80% of the total weight of the
layer. 4. Multi-layer polyamide moulded article according to claim 3,
characterized in that the filler content of the filler containing layer is
between 35 and 55% (wt). 55 5. Multi-layer polyamide moulded article
according to claim 1, characterized in that the content of
tetramethyleneadipamide units in the polyamide is at least 75%. 6.
Multi-layer polyamide moulded article according to claim 5, characterized
in that the content of    EP 0 273 500 B1 tetramethyleneadipamide units is
at least 85%.              *   C     L    M    S    * 7. Multi-layer
polyamide moulded article according to claim  6, characterized in that the
polyamide consists of polytetramethyleneadipamide homopolymer. 5 8.
Multi-layer polyamide moulded article according to claim  1, characterized
in that the degree of polymerization of the polyamide in the
filler-containing layer at least results in a relative viscosity of 2.0 



measured on a solution of 1 gramme in 100 ml 96%-(wt) sulphuric acid. 10
9. Multi-layer polyamide moulded article according to claim  1,
characterized In that the degree of polymerization of the polyamide in the
non-filled layer at least results in a relative viscosity of 1.5. Claims
for the following Contracting State: ES 15 1. Process for the preparation
of multi-layered polyamide articles with a superior combination of physical
properties and comprising a filler-reinforced polyamide layer covered on at
least one side with a non- reinforced polyamide layer by molding
characterized in that a. the polyamide is substantially built up of
tetramethyleneadipamide units, b. the filler is predominantly non-fibrous,
having a length: width ratio not higher than 10:1. 20 2. Process according
to claim 1, characterized in that the filler is chosen from the group of
powdery, spherical or plate-shaped particles. 3.  Process according to
claim 2, characterized In that the filler content of the filler-containing
layer is 25     between 10 and 80% of the total weight of the layer. 4.
Process according to claim 3, characterized in that the filler content of
the filler containing layer Is between 35 and 55% (wt). 30  5. Process
according to claim 1, characterized in that the content of
tetramethyleneadipamide units In the polyamide is at least 75%. 6. Process
according to claim 5, characterized in that the content of
tetramethyleneadipamide units is at least 85%. 36 7. Process according to
claim 6, characterized in that the polyamide consists of poly-
tetramethyleneadipamide homopolymer. 8. Process according to claim 1,
characterized in that the degree of polymerization of the polyamide in the
40     filler-containing layer at least results in a relative viscosity of
2.0 measured on a solution of I gramme in 100 ml 96%-(wt) sulphuric acid.
9. Process according to claim 1, characterized in that the degree of
polymerizaytion of the polyamide in the non-filled layer at least results
In a relative viscosity of 1.5. 45 10. Process according to claim 1,
characterized in that the non-reinforced layer contains one or more
substances chosen from the group of colourants, pigments, stabilizers,
impact modifiers or additives protecting against electro-magnetic
radiation. 50 Revendications Revendications pour les Etats contractants
sulvants: AT, BE, CH, DE, FR, GB, GR, IT, LI, NI, SE 1. Article mould
multicouche en polyamide comprenant une couche de polyamide a iemplissage
de renforcement recouverte au moins d'un c8td d'une couche de polyamide non
renforc~e, cai acteris6 en 55     ce que a. le polyamide est
essentiellement compose d'unit6s de t6tram6thylbne adipamide, b. la
matdriau de remplissage est en predominance non fibreux, ayant un rapport
longueur:largeur pas plus 61evd que 10:1. 6    EP 0 273 500 B1         *
C   L   M   S    * 



2. Article mould multicouche en polyamide selon la revendication 1,
caracterise en ce que le rnatriau de remplissage est choisi a partir du
groupe de particules en poudre, sphdriques ou en forme de plaque. 3 Article
mould multicouche en polyamide solon la revendicatlon 1, caracterise en ce
quo la teneur en 5     materiau de remplissage de la couche contenant le
materiau de remplissage est entre 10 et 80 % du polds total de la couche.
4. Article moule multicouche en polyamide salon la revendlcation 3,
caract6rise en ce que la teneur en rnatdriau de remplissage de la couche
contenant le mat6riau de remplissage est entre 35 et 55 % (en 10
poids). 6. Article moule multicouche en polyamide solon la revendication.
1, caracterlse en ce quo la teneur en unites de tetram6thylbne adipamide
dans le polyamide est au moins 75 %. 15  6. Article moule multicouche en
polyamide selon la revendicatlon 5, caracterisd en ce quo la teneur en
unites de titramdthylbne adipamide est au moins 85 %. 7. Article mould
multicouche en polyamide selon la revendication 6, caracterise en ce que le
p olyamide comprend un homopolymbre polytetramdthylbne adipamide. 20 8.
Article moule multicouche en polyamide solon la revendication 1,
caracterise en ce quo le degre de polymerisation du polyamide dans la
couche contenant le materiau de remplissage aboutit au moins a une
viscosite relative de 2,0 mesuree sur une solution de 1 gramme dans 100 ml
d'acide sulfurique a 96 % (en poids). 25 9. Article mould multicouche en
polyamide solon la revendication 1, caracterise en ce quo le degr6 de
polymerisatlon du polyamide dans la couche non remplie aboutit au mains a
une viscosite relative de 115. 30 Revendications pour l'Etat contractant
sulvant: ES 1. Procede pour la preparation d'artlcles multicouche en
polyamide avec une combinalson superieure des proprietes physiques et
comprenant une couche de polyamide renforcee d'un mat6riau de remplissage
recouverte sur au moins un cMt5 d'une couche de polyamide non renforcee par
moulage caracterlse en 35     ce que a. le polyamide est essentiellement
compose d'unites de tetramethylene adipamide, b. le matbriau de remplissage
est en predominance non fibreux, ayant un rapport longueur:largeur pas plus
elevb quo 10:1. 40  2. Procbdb solon la revendicatlon 1, caracterisb en ce
quo le rnat6riau de reinpllssage est chnisi a partir du groupe des
particules en poudre, sph6riques ou en forme de plaque. 3 Procede solon la
revendication 2, caractbrrsb en ce quo la teneur en matiriau ce remplissage
de la couche contenant le mat6riau de remplissage est entre 10 et 80 % du
poids total d(i la couclhe. 45 4. Proc6de selon la revendication 3,
caract6risd en ce quo la teneur on mal6riau do remplissage de la couche
contenant le materiau de remplissage est entre 35 et 55 % (en poicls). 5.
Procbd6 solon la revendicatlon 1, caracterise en ce quo la teneur en
uwnit6s de tetram6thylrne 50     adipamide dans le polyamide est au moins
75 %. 6. Proc~d6 selon la revendicatbon 5, caracterise en ce quo la leneur
eno unitks cle tb arn6thylene adipamide est au moins 85 %. 55  7. Procbdb
solon la revendication 6, caractbrisb en ce quo le polyamide comprend un
horiopolymbre polytbtram~thylbne adipamide. 8. Procbd4 solon la
revendicatlon 1. caract6rise en ce quo le degr6 de polym6rlsatlon du
polyarnide dans 



7    EP 0 273 500 B1 *   C    L   M   S     * la couche contenant le
mat~riau de remplissage aboutit au molns a une viscosite relative de 2,0
mesurde sur une solution d'1 gramme dans 100 ml d'acide sulfurique a 96 %
(en poids). 9. Proc6de selon la revendicatlon 1, caracterise en ce que le
degr6 de polymerisation du polyarnide dans 5      la couche non remplie
aboutit au moins a une viscositd relative de 1,5. 10. Proced6 selon la
revendication 1, caract:ris6 en ce que la couche non renforcee contlent une
ou plusleurs substances choisies A partir du groupe des colorants,
pigments, stabilisateurs, modificateurs d'impact ou d'additifs protegeant
du rayonnement dlectromagnetique. 10 Patentansprilche PatentansprUche fUr
folgende Vertragsstaaten AT, BE, CH, DE, FR, GB, GR, IT, Li, NL, SE 1.
Mehrschichtiger Polyamidformgegenstand umfassend elne fUllstoffverstarkte
Polyamidschicht, die an 15     mindestens einer Selte mit einer
nicht-verstarkten Polyamidschicht lberzogen IsI, dadurch gekenn- zeichnet,
daB a. das Polyamid Im wesentlichen aus Tetramethylenadipamideinheiten
aufgebaut ist und b. der FUllstoff Uberwiegend nicht-faserf6rmig ist, mit
einem Verhaltnis Lange : Brelte von nicht mehr als 10: 1. 20 2.
Mehrschichtiger Polyamidformgegenstand nach Anspruch 1, dadurch
gekennzeichnet, daB der FUllstoff ausgewahlt ist aus der Gruppe von
pulverffrmigen, spharischen oder Plattchenformigen Teilchen. 3
Mehrschichtiger Polyamidformgegenstand nach Anspruch 1, dadurch
gekennzelchnet, daB der FUllstoff- 25     gehalt der fillstoffhaltigen
Schicht 10 bis 80 % des Gesamtgewichtes der Schicht betragt. 4.
Mehrschichtiger Polyamidformgegenstand nach Anspruch 3, dadurch
gekennzeichnet, daB der FUllstoff- gehalt der fOlstoffhaltigen Schicht 35
bis 55 % (Gew.) betrigt. 30  5. Mehrschichtiger Polyamidformgegenstand nach
Anspruch 1, dadurch gekennzelchnet, dall der Gehalt an
Tetramethylenadipamideinhelten im Polyamid mindestens 75 % betragt. 6.
Mehrschichtiger Polyamidformgegenstand nach Anspruch 5, dadurch
gekennzeichnet, dal der Gehalt an Tetramethylenadipamideinheiten mindestens
85 % betrggt. 35 7. Mehrschichtfger Polyamidformgegenstand nach Anspruch 6,
dadurch gekennzeichnet, daln das Polya- mid aus
Polytetramethylenadipamidhomopolymer besteht. 8.  Mehrschichtiger
Polyamidformgegenstand nach Anspruch 1, dadurch gekenrizeichnel. daO der
Polyme- 40     risationsgrad des Polyamids in der ffillstoffhallgen Schicht
mindestens zu eirier relativen Viskositat von 2,0, gemessen an elner Losung
von 1 g in 100 ml 96 (gew.) %iger Schwefelsaure, ftillrl. 9.
Mehrschichtiger Polyamidformgegenstand nach Anspruch 1, dadurch
gekenizeichin l. dan der Polyrme- risationsgrad des Polyamids in der
nicht-geflilten Schicht mindestens zu eirier relaliven Vislk(sitat von 45
1,5 fUhrt. Patentanspruche flr folgenden Vertragsstaat: ES 1. Verfahren zur
Herstellung von mehrschichtigen Polyamidgegenstgnden mit einer
hervorrageri:len Kom- 50     bination von physikalischen Eigenschaften
umfassend eine fUllstoffverst~rlde Polyamidschicht, die an 



mindestens einer Seite mit einer nicht-verstdrkten Polyamidschicht
Oberzogen ist, dadurch gekenn- zeichnet, daB a. das Polyamid im
wesentlichen aus Tetramethylenadipamideinheiten aulgebaut isI und b. der
FUllstoff lberwiegend nicht-faserfdrmig ist, mit einem Verhltnis Langye:
1reite von nicht 55        mehr als 10: 1. 2. Verfahren nach Anspruch 1,
dadurch gskennzeichnet, da3l der FUllstoff ausgewhilt ist aus der Gruppe
von pulverfdrmigen, sphdrischen oder plgttchenfdrmlgen Teilchen. 8    EP 0
273 500 B1 3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dal der
Ftllstoffgehalt cler fIllstoffhaltigen Schicht 10 bis 80 % des
Gesamtgewichtes der Schicht betragt. 4. Verfahren nach Anspruch 3, dadurch
gekennzeichnet, daB der FUllstoffgehalt dler fllstoffhaltigen 5
Schicht 35 bis 55 % (Gew.) betrggt. 5. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, daa der Gehalt an Tetramethylenadiparnideinhei- ten im
Polyamid mindestens 75 % betragt. 10  6. VerFahren nach Anspruch 5, dadurch
gekennzelchnet, daB der Gehalt an Tetrametfylenadipamideinhei- ten
mindestens 85 % betragt. 7. Verfahren nach Anspruch 6, dadurch
gekennzelchnet, dal das Polyamid aus Polytetrametliylenadipa-
midhomopolymer besteht. 15 8. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, daB der Polymerisalionsgrad des Polyamids in der
ffillstoffhaltigen Schicht mindestens- zu elner relativen Viskosit~t von
2,0, gemessen an elner Losung von I g in 100 ml 96 (gew.) %iger
Schwefelsaure, fUhrt. 20  9. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, daB der Polymerisalionsgracl des Polyamids in der
nicht-gefUllten Schicht mindestens zu elner relativen Viskositat von 1,5
fUhrt. 10. Verfahren nach Anspruch 1, dadurch gekennzelchnet, daOl die
nicht-verstarkte Schicht eine oder mehrere Substanzen ausgewahft aus der
Gruppe der Farbstoffe, Pigmente, Stabilisatoren, Schlagmodi- 25
fikatoren oder Schutzadditive gegen elektromagnetische Strahlung enthalt.
30 35 40 45 50 55 9    


