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(54) COPPER COMPOUND MATERIAL

(57) The present invention relates to copper com-
pound material as contact (12, 18) material for vacuum
interrupters. The copper material comprises materials of
the group comprising tungsten carbide copper and/or
chromium carbide copper and/or chromium copper
and/or copper. Further, the at least one compound ele-
ment is selected from the groups comprising lanthanum

hexaboride and/or lanthanum oxide and/or gadolinium
oxide and/or gallium oxide and/or cerium dioxide. Addi-
tionally, or alternatively thereto the compound material
comprises graphite and/or graphene and/or fullerene
and/or diamond and/or carbo nanotubes and/or multilay-
er graphene.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a copper com-
pound material and a vacuum interrupter comprising
such a copper compound material.

BACKGROUND OF THE INVENTION

[0002] There are basically several types of devices
which are used for current interruption, i.e. contactors,
load break switch and circuit breakers for low-, medium
and high voltage. All these devices are using a vacuum
interrupter to interrupt the load or short circuit current.
Vacuum interrupters in contactors have a lower interrupt-
ing rating and are constructed to operate more frequently
than the ones used in circuit breakers.
[0003] During the interruption process of load currents,
the current in vacuum interrupters tends to prematurely
interrupts before reaching the natural current zero of the
AC frequency waveforms. This sudden interruption in the
load current is defined as current chopping and depend-
ing on its magnitude and frequency, it can cause serious
insulation degradation over the lifetime of a connected
device and is thus undesired.
[0004] The vacuum interrupter has typically one fixed
and one moveable contact. Depending on the application
(contactor or circuit breaker), the material of contacts of
vacuum interrupter might be using different metal com-
position, that allows them to exhibit lowest chopping cur-
rent. The selection of contact materials influences the
magnitude of the chopping current. However, said ma-
terial must fulfill also other requirements like short circuit
interrupting capability, ohmic resistance and resistance
to wear (less erosion while load interruption) and the ten-
dency to micro-weld.
[0005] Prior art DE 10 2014 209 762 A1 discloses a
method of manufacturing a contact body for an electrical
switching contact for a vacuum interrupter or an air-insu-
lated switch for the medium and/or high voltage range.
Further, a contact body for such a device is disclosed.
The contact body is made of a composite material, where-
in the composite material comprises CuCr, WCu, WCCu,
WAg or WCAg.

SUMMARY OF THE INVENTION

[0006] The problem to be solved by the present inven-
tion is to provide a contact material for vacuum interrupt-
ers having a low chopping current and a vacuum inter-
rupter comprising a contact with such a material.
[0007] The problem is solved by a copper compound
material as contact material for vacuum interrupters hav-
ing the features of claim 1. Further, a vacuum interrupter
is proposed comprising a contact with such a material
having the features of claim 7. Preferred embodiments
of the invention are specified in the dependent claims.

[0008] According to the invention, a copper compound
material as contact material for vacuum interrupters is
proposed. The copper material comprises materials of
the group a.) comprising tungsten carbide copper and/or
chromium carbide copper and/or chromium copper
and/or copper. The at least one compound element
thereby is selected from the group b.) comprising lantha-
num hexaboride and/or lanthanum oxide and/or gadolin-
ium oxide and/or gallium oxide and/or cerium dioxide.
Additionally, or alternatively thereto, the compound ma-
terial comprises graphite and/or graphene and/or fuller-
ene and/or diamond and/or carbo nanotubes and /or mul-
tilayer graphene from group c.).
[0009] The carbon-based materials have the property
of a low chopping current. By adding the materials of
group b.) in addition, comprising the materials lanthanum
hexaboride, lanthanum oxide, gadolinium oxide, gallium
oxide, cerium dioxide, the chopping current further can
be reduced. These material combinations therefore have
the properties to remarkably reduce the chopping cur-
rent, while the requirements for short circuit interrupting
capability, ohmic resistance, resistance to wear and ten-
dency to micro-weld are fulfilled.
[0010] In a preferred embodiment of the invention, the
tungsten carbide copper material of group a.) comprises
5-80 wt.-% of tungsten carbide. The tungsten carbide
copper material with such an amount is specially merely
mixed with one or more materials of group b.) comprising
the materials lanthanum hexaboride, lanthanum oxide,
gadolinium oxide, gallium oxide, cerium dioxide. Espe-
cially preferred the tungsten carbide copper material
comprises 10-50 wt.-% of tungsten carbide is specially
mixed with one or more carbon materials of group c.)
comprising graphite, graphene, fullerene, diamond, car-
bo nanotubes, multilayer graphene. These material com-
binations have the properties to remarkably reduce the
chopping current while the requirements for short circuit
interrupting capability, ohmic resistance and resistance
to wear are fulfilled.
[0011] In a further preferred embodiment, the chromi-
um carbide copper material of group a.) is mixed in the
range of 2-65 wt.-% of chromium carbide. Especially pre-
ferred, the chromium carbide material is mixed in the
range of 2-40 wt.-%. The main advantage of the range
between 2-40 wt.-% results out from getting erosion re-
sistance on the one hand side and the foreseen reduction
of chopping current on the other side by keeping the re-
sistance and mechanical properties of the bulk contact
material the same as today.
[0012] Advantageously, the chromium copper material
of group a.) is mixed in the range of 2-65 wt.-% of chro-
mium. The advantage is that this keeps the material prop-
erties the same as today and allow during the warm treat-
ment process (sintering/infiltrating) the chemical reaction
on the outer surface of each single particle with the pref-
erable carbon material getting a graduated particle from
chromium carbide from to the surface to chromium at the
inner area of each particle.
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[0013] Preferably, the graphite, graphene, fullerene,
diamond, carbo nanotubes, multilayer graphene material
of group c.) is mixed up to 8 wt.-% of the selected forms
of carbon. Especially preferred the graphite, graphene,
fullerene, diamond is mixed up to 6 wt.-% of the selected
forms of carbon. With an amount of carbon with up to 6
wt.-% the mechanical properties of the compound mate-
rial are still sufficient for making and breaking operation
in vacuum devices under mechanical no load and me-
chanical / current load operation.
[0014] In a further advantageous development, the
compound materials of group b.) are mixed up to 5 wt.-
%. By the selection of a small amount of these metal
oxides an electron emission from contact material is
achieved in order to keep the needed current flow around
current zero crossing stable and to lower the chopping
current. Furthermore, the mechanical properties are kept
and even improved due to the presence of fine disper-
soids inside the contact material. Mainly the dispersoid(s)
must be added by mechanical alloying to achieve the
hardening effect of final contact material.
[0015] Further, the problem is solved by a vacuum in-
terrupter comprising one fixed contact and one movable
contact, wherein at least one contact comprises the cop-
per compound according to the present invention. With
such a vacuum interrupter, the advantages mentioned
above can be achieved.
[0016] In a preferred embodiment, the contacts are ful-
ly made of the copper compound. Such contacts have a
low chopping current. Further, all other requirements
necessary for contacts for vacuum interrupters are also
fulfilled.
[0017] A preferred embodiment specifies that a sur-
face of the contacts be made of the copper compound.
The contacts thereby are made of a basic material such
as preferably copper, and merely the surface of the con-
tacts comprising the copper compound material. The ba-
sic material usually is less expensive than the copper
compound material. Accordingly, the contacts can be
manufactured much more economically. Preferably, the
surface comprises a layer up to 6mm thickness of the
copper compound.
[0018] In a further example, at least one of the contact
surfaces is produced with a contact pin having a height
exceeding a height of a ring contact plate. During normal
operation of vacuum interrupter, when the contacts are
closed, the nominal current is flowing through the contact
pin and is thus not affected by the material of ring contact
plate which might have higher resistance. It must have
also higher resistance to micro-welding at the same time.
For low current interruption, the arc will move towards
the center of the contact as the arc voltage of the contact
pin of the inner area is lower than the arc voltage of the
ring contact plate material of the outer area. When the
current approaches the zero-crossing, the low chopping
current of material will apply.
[0019] For high currents interruption, like short-circuit
currents, the arc will be driven away from the center by

the plasma pressure, the diffusion from the inner side of
the arc to blow out of its current and the occurring Lorentz
force. So, the high short circuit interruption capability of
ring contact plate material will be applied.
[0020] In an example of the invention, the compound
material for contact pin is different from compound ma-
terial of the rest of the ring contact plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The subject matter of the Invention will be ex-
plained in more details in the following description illus-
trated in the drawings, in which:

Figure 1 Embodiment of a contact arrangement of a
vacuum interrupter, and

Figure 2 Cross-sectional view of the ring contact plate
with the contact pin.

[0022] Figure 1 shows an embodiment of a contact ar-
rangement 10 of a vacuum interrupter is shown. The con-
tact arrangement 10 comprises a moveable contact 12
with a movable main contact body 14 on which a contact
surface 16 is provided. A material of the contact surface
16 differs to the material of the movable main contact
body 14. The contact surface 16 is provided as a circular
contact plate, which is arranged on an axial end of the
movable main contact body 14.
[0023] The contact arrangement 10 further comprises
a fixed contact 18. The fixed contact 18 comprises a fixed
main contact body 20 and a ring contact plate 22 with a
contact pin 24. Ring contact plate 22 and contact pin 24
are made of different materials. The ring contact plate 22
with the contact pin 24 are arranged on an axial end of
the fixed main contact body 20, to connect with the con-
tact surface 16 of the movable contact 12. In the shown
embodiment the contact pin 24 axially extends over the
ring contact plate 22. During normal operation of the vac-
uum interrupter, when the contacts 12, 18 are closed,
the nominal current is flowing through the contact pin 24
and is thus not affected by the material of the ring contact
plate 22 which might have higher electrical resistance. It
must have also a higher resistance to micro-welding at
the same time. For low current interruption, the arc will
move towards the centre of the contact as the arc voltage
of the contact pin 24 of the inner area is lower than the
arc voltage of the ring contact plate material 22 of the
outer area. So, when the current approaches the zero-
crossing, the low chopping current of the material will
apply. For high currents interruption, like short-circuit cur-
rents, the arc will be driven away from the centre by the
plasma pressure, the diffusion from the inner side of the
arc to blow out of its current and the occurring Lorentz
force. So, the high short circuit interruption capability of
ring contact plate 22 material will be applied.
[0024] Figure 2 shows a cross-sectional view of the
ring contact plate 22 with the contact pin 24. In this figure

3 4 



EP 4 456 108 A1

4

5

10

15

20

25

30

35

40

45

50

55

it is shown that the contact pin 24 is provided in a centre,
whereas the ring contact plate 22 is arranged concentri-
cally to the contact pin 24.
[0025] In a real application, both fixed and moveable
contacts 12, 16 could be also of the same construction,
i.e. both having just a contact surface layer or both having
that layer composed of a ring contact plate 22 with contact
pin 24.

List of reference numbers

[0026]

10 contact arrangement
12 moveable contact
14 movable main contact body
16 contact surface
18 fixed contact
20 fixed main contact body
22 Ring contact plate
24 contact pin

Claims

1. Copper compound material as contact (12, 18) ma-
terial for vacuum interrupters, wherein the copper
material comprises materials of the group compris-
ing:

a.) tungsten carbide copper and/or chromium
carbide copper and/or chromium copper and/or
copper,
the at least one compound element is selected
from the groups comprising:
b.) lanthanum hexaboride and/or lanthanum ox-
ide and/or gadolinium oxide and/or gallium oxide
and/or cerium dioxide and/or material,
c.) graphite and/or graphene and/or fullerene
and/or diamond and/or carbo nanotubes and/or
multilayer graphene.

2. Copper compound according to claim 1, character-
ized in that tungsten carbide copper material of
group a.) comprises 5-80 wt.-% of tungsten carbide.

3. Copper compound according to claim 1, character-
ized in that the chromium carbide copper material
of group a.) is mixed in the range of 2-65 wt.-% of
chromium carbide.

4. Copper compound according to claim 1, character-
ized in that the chromium copper material of group
a.) is mixed in the range of 2-65 wt.-% chromium.

5. Copper compound according to one of the preceding
claims, characterized in that the graphite, graph-
ene, fullerene, diamond material, carbo nanotubes,

multilayer graphene of group c.) are mixed up to 8
wt.-% of the selected forms of carbon.

6. Copper compound according to one of the preceding
claims, characterized in that the compound mate-
rials of group b.) are mixed up to 5 wt.-% of the se-
lected compounds of group b).

7. Vacuum interrupter comprising one fixed contact
(18) and one movable contact (12), wherein at least
one contact (12, 18) comprises the copper com-
pound according to one of the preceding claims.

8. Vacuum interrupter according to claim 7, character-
ized in that the contacts (12, 18) are fully made of
the copper compound.

9. Vacuum interrupter according to claim 7, character-
ized in that a surface layer with up to 6 mm thickness
of the contacts (12, 18) is made of the copper com-
pound.

10. Vacuum interrupter according to claims 7 to 9, char-
acterized in that at least one of the contact surfaces
(16) is produced with a contact pin (24) having a
height exceeding a height of a ring contact plate (22).

11. Vacuum interrupter according to claim 10, charac-
terized in that the compound material for contact
pin (24) is different from compound material of the
rest of the ring contact plate (22).
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