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(54) Electrically conductive metal/plastic hybrid comprising a polymer material, a first metal and 
metal particles of a second metal embedded in the first metal and method of producing such

(57) The invention relates to an electrically conduc-
tive metal/plastic hybrid which comprises a matrix of a
polymer material, a network embedded in the matrix and
made of a metal having a first melting temperature, and
metal particles within the network having a second melt-
ing temperature higher than the first melting temperature.
Further, the invention relates to a method of producing
such a metal/plastic hybrid. Metal/plastic hybrids of the

afore-mentioned type are known from the prior art, but
in order to achieve high electric conductivity, contain high
percentages of the higher melting metal particles, which
gives them a high density and a high heat capacity. The
invention provides metal/plastic hybrids with a lower den-
sity and a lower heat capacity by using aluminium as one
component of the metal particles. Furthermore, a method
of producing such a metal/plastic hybrid is provided.
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Description

[0001] The invention relates to an electrically conduc-
tive metal/plastic hybrid which comprises a matrix of a
polymer material, a network embedded in the matrix and
made of a metal, the metal having a first melting temper-
ature, and metal particles within the network having a
second melting temperature, the second melting temper-
ature being higher than the first melting temperature. Fur-
ther, the invention relates to a method of producing such
a metal/plastic hybrid.
[0002] Metal/plastic hybrids of the afore-mentioned
type are known from the prior art, but in order to achieve
high electric conductivity, contain high percentages of
the higher melting metal particles. As these higher melt-
ing metals are usually very dense, the entire metal/plastic
hybrid is very dense too. Further, the metals used for the
higher melting metal particles can be expensive, which
increases the price for the metal/plastic hybrid. Addition-
ally, these metals generally have a high heat capacity,
which makes the resulting metal/plastic hybrid difficult to
process, in particular in a molding process.
[0003] Thus, the object of the invention is to provide a
metal/plastic hybrid which exhibits a lower density. A fur-
ther object of the invention is to provide a metal/plastic
hybrid that is cheaper. An even further object of the in-
vention is to provide a metal/plastic hybrid that is easy
to process, in particular in a molding process.
[0004] According to the invention, the object is
achieved by using metal particles that contain aluminium
as the higher melting metal particles.
[0005] By using aluminium as a material for the metal
particles, the density of the resulting metal/plastic hybrid
can be reduced considerably. Additionally, aluminium is
usually cheaper than the metals often used for the metal
particles, like for example copper, nickel, iron or silver.
Furthermore, as aluminium has a low heat capacity, met-
al/plastic hybrids containing aluminium are easy to proc-
ess and finer structures can be produced due to the lower
volumetric heat capacity of the resulting metal/plastic hy-
brid. In particular, two-step processes can be conducted
more easily, as negative effects of heat can be minimised.
Especially if delicate and small structures are supposed
to be created, the lower heat capacity can enable better
results.
[0006] As aluminium and compounds containing alu-
minium are less toxic than the materials generally em-
ployed in metal/plastic hybrids, a health and environmen-
tal benefit can result.
[0007] The solution according to the invention may be
combined in any way with one or several of the following
further advantageous embodiments respectively.
[0008] In a first advantageous development of the in-
vention, the metal particles contain primarily aluminium,
that means, aluminium is the main component.
[0009] In a development of the invention, the metal par-
ticles consist only of aluminium and unavoidable impuri-
ties. The percentage of impurities is preferably less than

3%, more preferably less than 1 % of the weight.
[0010] The metal particles containing aluminium can
be coated with a second metal. Preferably, the coating
of the metal particles takes place before the particles are
mixed into the low melting metal. Such a coating can help
to make better contact between the metal particles and
the low melting metal, e.g. by reducing or removing oxide
layers, which might be present on the outside of the metal
particles. In particular, the coating can contain metals
that can also be found in the low melting metal. In a very
particular case, the coating of the metal particles contains
only one element and the low melting metal is a mixture
of this element and other elements.
[0011] The coating of the metal particles containing
aluminium can be achieved with several methods. Pref-
erentially, the metal particles are coated with a chemical
method, for example by galvanizing. However, other
methods of coating, for example Physical Vapour Dep-
osition (PVD), Atomic Layer Deposition (ALD) or sputter-
ing, can also be used.
[0012] In a preferential development of the invention,
the coating for the metal particles containing aluminium
can be zinc. Zinc is a common coating material for many
metals, in particular for aluminium. Therefore, several
processes for generating such a zinc coating are widely
known and corresponding substances or devices are
easily available. Furthermore, a pool of knowledge, e.g.
process parameters for achieving certain thicknesses, is
already available. Such a coating can for example be
achieved by wet chemical methods or by physical meth-
ods. As aluminium and zinc tend to form mixed crystals,
an intimate connection between the two, and a good
sticking of the zinc to the metal particle containing alu-
minium can be obtained.
[0013] In another advantageous development of the
invention, tin is used as a coating material for the metal
particles. Aluminium and tin do not mix in the solid phase,
so diffusion of the coating metal into the aluminium par-
ticle can be avoided by using tin. Tin is often employed
as a component of the low melting metal. Hence, using
tin as a coating material can help to make a good contact
between the particles and the low melting metal. The tin
coating can be applied by several methods, for example
chemically or physically.
[0014] In a further advantageous development of the
invention, the metal particles containing aluminium can
contain two or even more coating layers. For example
the metal particles containing aluminium can be coated
with zinc in a first step, and with tin in a second step. Due
to the intermixing of aluminium and zinc in the solid
phase, the zinc will stick easily to the aluminium particles.
As zinc and tin can form a eutectic system, further
processing of such particles at temperatures as low as
about 200°C can be made possible. Due to the low tem-
perature, the production of the metal/plastic hybrid is fur-
ther facilitated, in particular if tin is used as a component
of the low melting metal. Furthermore, tin will not diffuse
into the aluminium particles.
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[0015] In a further advantageous embodiment of the
invention, the metal particles are coated with tin in a first
step and with zinc in a second step. In particular if the
metal/plastic hybrid is processed at a higher temperature,
such a combination can be advantageous. In case the
low melting metal contains tin, using zinc as the second
layer helps to make good contact between the metal par-
ticle and the low melting metal.
[0016] By using a material that is employed in solders,
e.g. tin, as a coating material, it is facilitated that contact
is made, for example by soldering, to this metal/plastic
hybrid, as the additional solder for contacting will readily
make contact with the coating material.
[0017] In a further development of the invention, a coat-
ing layer of the metal particles contains the low melting
metal. If enough of the low melting metal is applied onto
the metal particles, the step of adding further low melting
metal in another step can be avoided and the metal par-
ticles can be mixed with the polymer material directly.
[0018] In another advantageous development of the
invention, copper can be used as a first or additional coat-
ing material for the metal particles containing aluminium.
As it might be difficult to apply copper by chemical meth-
ods, a deposition by physical methods is preferred in this
case.
[0019] In an even further advantageous development
of the invention, the polymer material can be a thermo-
plastic and the first metal can melt in the range of 100°C
to 400°C.
[0020] In an advantageous development of the inven-
tion, in particular if the metal particles containing alumin-
ium are not coated, the addition of flux to the metal/plastic
hybrid can help to make good contact between the metal
particles containing aluminium and the low melting metal,
as such a flux can remove oxide layers which might be
present on the metal particles containing aluminium and
can additionally improve the flowing properties of the low
melting metal in the liquid phase.
[0021] Shaped bodies, especially electric or electronic
elements, comprising at least in part the metal/plastic
hybrid according to the invention, can be used for a big
range of applications. In particular, they can be used in
electric circuits, as electric or electromagnetic shieldings,
as moldable plugs, housings, radio frequency (RF) con-
nectors or antennas.
[0022] The invention will be described hereinafter in
greater detail and in an exemplary manner using advan-
tageous embodiments and with reference to the draw-
ings. The described embodiments are only possible con-
figuration in which, however, the individual features as
described above, can be provided independently of one
another or can be omitted. In the drawings:

Fig. 1 is a schematic sectional view of a first embod-
iment of a metal/plastic hybrid according to the
invention;

Fig. 2 is a schematic sectional view of a second em-

bodiment of a metal/plastic hybrid according to
the invention.

[0023] In Fig. 1 a metal/plastic hybrid 1 according to
the invention is depicted in a sectional view. Metal parti-
cles 2 according to the invention are formed as metal
particles containing aluminium 3, which are embedded
in a low melting metal 4. The metal particles 2 can have
a basically spherical shape. However, they can have any
other shape, in particular, they might be filaments, cubes,
flakes, rods, coins or the like. The metal particles 2 to-
gether with the low melting metal 4 form an electrically
conductive phase and can form an electrically conductive
network within the metal/plastic hybrid 1, such that the
entire metal/plastic hybrid 1 is electrically conductive.
Herein, as usual, metals are defined by being electrically
conductive. Thus, a metal can be elementary, an alloy,
a compound or a mixture with metal. The metal/plastic
hybrid 1 can also comprise a polymer material 5 which
can comprise one or more plastic materials, which can
be plastically deformable at elevated temperatures, for
instance thermoplastics or resins.
[0024] According to the invention, the metal particles
2 contain aluminium, in particular aluminium can be the
main or the only component. However, other elements
may also be present in the metal particles. By using alu-
minium as one of the components of the metal particles
2, the density of the metal particles 2 can be lowered. A
further advantage of aluminium is, that it is usually cheap-
er than other metals employed for producing metal/plas-
tic hybrids, like for example copper, nickel, iron or silver.
[0025] As an additional advantage, aluminium has a
low heat capacity, which can help to facilitate the produc-
tion of parts that comprise such a metal/plastic hybrid 1.
In particular, if other components of the part are affected
negatively by heat, using a metal/plastic hybrid 1 accord-
ing to the invention can help to make manufacturing this
part easier, with less effort and time, thus saving money
and additionally saving energy, as less energy is required
to heat the metal/plastic hybrid 1 according to the inven-
tion. Furthermore, very fine structures can be produced
with the metal/plastic hybrid according to the invention
due to its low heat capacity. In particular, processes in
which a second part can be affected negatively by heat
or temperature, or in which using a lower temperature or
less heat is advantageous, can be carried out more effi-
ciently, with less discard, faster and with less energy.
[0026] In an advantageous embodiment of the inven-
tion, the metal/plastic hybrid 1 might also contain flux.
Flux can help to remove oxide layers which can be on
the aluminium particles and which can make it difficult or
impossible to establish a connection between the metal
particles 2 and the low melting metal 4. Furthermore,
such a flux can give a higher viscosity of the low melting
metal 4, which further improves the interconnection be-
tween the metal particles 2 and the low melting metal 4.
[0027] The sizes of the metal particles 2 can in a pref-
erential embodiment be smaller than 200 mm. In case
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very fine structures are supposed to be manufactured,
the size of the metal particles 2 can be lowered further.
However, if for example a higher volume to surface ratio
is desired, the size of the particles containing aluminium
3 can be increased. For more efficient packing and there-
fore a higher loading of metal particles and/or easier
processing, also mixtures of various particle sizes, e.g.
fine and coarse, can be used.
[0028] Although in Fig. 1 the metal particles containing
aluminium 3 are not covered by a coating layer 6 around
the particle in their final state in the metal/plastic hybrid
1, it can be advantageous to coat the metal particles con-
taining aluminium 3 during the process of manufacturing.
For example, the metal particles containing aluminium
3, which might exhibit oxide layers on the outside, can
be coated with tin. Such a coating can for instance be
achieved with wet chemical methods like galvanization
or by physical methods like Physical Vapour Deposition
(PVD). As tin is often contained in the low melting metal
4 of the metal/plastic hybrid 1, the coating layer 6 of tin
can intermix with the tin in the low melting metal 4. Such
a coating step can help to make a better contact between
the metal particles comprising aluminium 3 and the low
melting metal 4.
[0029] In an advantageous embodiment of the inven-
tion, one of the coating layers 6 contains the low melting
metal 4, preferably in large quantities. Thus, the addition
of low melting metal 4 or the intermixing of the metal
particles 2 with the low melting metal 4 can be avoided,
as the coating layer 6 provides enough low melting metal
4. Hence, these coated particles can be blended with or
into the polymer material, skipping one step in the man-
ufacturing process.
[0030] By using low melting material like brazing sol-
ders or leads as a coating material, connecting the ma-
terial to external parts is made easier.
[0031] In Fig. 2 another advantageous embodiment of
the invention is depicted. In this schematic sectional view
the metal/plastic hybrid 1 according to the invention com-
prises metal particles which contain aluminium 3 with an
additional coating layer 6 located on the interface be-
tween the metal particles containing aluminium 3 and the
low melting metal 4. Furthermore, a polymer material 5,
for example a thermoplastic material or a resin, can be
seen.
[0032] Again, the preferred size range of the metal par-
ticles containing aluminium 3 is below 200 mm. However,
by varying the size of the metal particles containing alu-
minium 3 at a constant thickness of the coating layer 6,
the ratio of the coating material to the material of the
metal particle containing aluminium 3 can be varied.
[0033] In the first embodiment of the invention, alumin-
ium is the main component of the metal particles, further
reducing the density of the metal particles.
[0034] In a preferential embodiment of the invention,
aluminium is the only component in the metal particles
2. Such simple particles can easily be manufactured or
be purchased readily, which reduces manufacturing time

and costs.
[0035] In a preferential embodiment of the invention,
the metal particles containing aluminium 3 have a coating
layer 6 containing zinc. Such a zinc coating can be
achieved by several methods, for example by wet chem-
ical methods like galvanization or by physical methods.
Such methods are already known and widely used so
that a wide knowledge of these processes exists and
substances for this process are easily available. As alu-
minium and zinc can easily intermix by forming mixed
crystals, a tight and intimate contact between the alumin-
ium in the metal particle and the coating layer 6 is gen-
erated.
[0036] In many cases, tin is a component of the low
melting metal, which makes using zinc as a coating layer
6 even more advantageous, as zinc and tin can form a
eutectic system with a melting point as low as about
200°C. Such a low melting point helps to minimize the
energy used for the production process of the metal/plas-
tic hybrid 1. Furthermore, manufacturing time and effort
is also decreased by such a low melting point.
[0037] In another advantageous embodiment of the in-
vention, tin is used as a coating layer 6 for the metal
particles containing aluminium 3. As aluminium and tin
do not intermix in the solid phase, a diffusion of the tin
into the aluminium of the metal particle containing alu-
minium 3 over time is avoided. Thus, constant properties
of the metal/plastic hybrid 1 during the lifetime of a part
manufactured from this metal/plastic hybrid 1 can be ex-
pected. Furthermore, as tin is used as a component of
the low melting metal 4 in many cases, an easy contacting
of the metal particles containing the aluminium 3 to the
low melting metal can be facilitated. The coating of the
metal particles containing aluminium 3 with tin can be
accomplished with a variety of methods such as chemical
methods or physical methods.
[0038] In an even more advantageous embodiment of
the invention, the metal particles containing aluminium 3
can be coated with more than one coating layer 6. For
instance the first coating layer might be zinc, which forms
mixed crystals with the aluminium and thus a good con-
tact to the other components is established. A second
layer might be made from tin, which can form a eutectic
system with zinc, having a low melting point and giving
a good connection of the zinc to the tin layer. As tin is
often used as a component of the low melting metal 4, a
good contact between the second layer and the low melt-
ing metal 4 is also provided by using tin as a second
coating layer 6. The second coating layer 6 might only
exist in the process of manufacturing the metal/plastic
hybrid, in particular if the low melting metal 4 contains tin
as a component.
[0039] Copper can also be used as a coating layer 6.
If copper is used as a coating material, a physical coating
process like Physical Vapour Deposition (PVD) might be
preferred, as applying copper by chemical methods like
wet chemical methods could be difficult.
[0040] Parts or shaped bodies manufactured from or
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comprising at least partially a metal/plastic hybrid 1 ac-
cording to the invention could be used in a variety of
applications. Due to the electric conductivity of such a
metal/plastic hybrid 1 it can easily be used in electric
circuits, in particular if electric circuits or electric parts are
supposed to be manufactured by methods that include
plastic forming, especially at elevated temperatures, of
these electric circuits or parts. Further, this method is
very advantageous in 2-step-processes like a 2K or 2-
shot molding process, as the metal/plastic hybrid 1 ac-
cording to the invention has a low heat capacity, which
allows for faster and more efficient processing with less
energy and more precision. Parts made from this metal/
plastic hybrid 1 could also be used as shieldings for elec-
tric or electromagnetic fields. Another exemplary appli-
cation of a part made from such a metal/plastic hybrid 1
could be a plug molded onto a conductive element of an
electric circuit, a radio frequency (RF) connector, an an-
tenna or a casing.

Claims

1. Electrically conductive metal/plastic hybrid (1) which
comprises a matrix of a polymer material (5), a net-
work embedded in the matrix and made of a metal,
the metal having a first melting temperature, and
metal particles (2) within the network having a sec-
ond melting temperature, the second melting tem-
perature being higher than the first melting temper-
ature, characterised in that the metal particles (2)
contain aluminium.

2. Metal/plastic hybrid (1) according to claim 1, char-
acterized in that the metal particles (2) consist pri-
marily of aluminium.

3. Metal/plastic hybrid (1) according to claim 1 or 2,
characterized in that the metal particles (2) contain
solely aluminium, apart from impurities, which con-
stitute preferably less than 3 weight-%, more prefer-
able less than 1 weight-% of the particles.

4. Metal/plastic hybrid (1) according to any of claims 1
to 3, characterised in that the metal particles (2)
containing aluminium are coated with at least one
coating layer (6) of a metal.

5. Metal/plastic hybrid (1) according to claim 4, char-
acterised in that at least one coating layer (6) con-
tains tin.

6. Metal/plastic hybrid (1) according to any one of
claims 4 or 5, characterised in that at least one
coating layer (6) contains zinc.

7. Electric or electronic element which comprises at
least one electrically conductive section, made at

least in part from a metal/plastic hybrid (1) according
to any one of claims 1 to 6.

8. Method for producing an electrically conductive met-
al/plastic hybrid (1), the method comprising the step
of bringing a first metal and a polymer together, so
that a network of metal in a polymer matrix results,
characterized in that metal particles containing alu-
minium and the first metal are brought together, so
that the metal particles are embedded in the metal
network afterwards.

9. Method for producing an electrically conductive met-
al/plastic hybrid (1) according to claim 8, character-
ised in that the method comprises a step of coating
the metal particles containing aluminium (3) with a
coating layer (6) of a metal.

10. Method for producing an electrically conductive met-
al/plastic hybrid (1) according to claim 9, character-
ised in that the coating layer (6) of the metal particles
containing aluminium (3) contains tin.

11. Method for producing an electrically conductive met-
al/plastic hybrid (1) according to claim 9 or 10, char-
acterised in that the coating layer (6) of the metal
particles containing aluminium (3) contains zinc.

12. Method for producing an electrically conductive met-
al/plastic hybrid (1) according to any of claims 9 to
11, characterised in that at least one coating layer
(6) contains the material of the low melting metal, in
particular in quantities sufficient to make further ad-
dition of the low melting metal redundant.
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